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The  Btructures  which  we  are  about  to  describe  will  be  found  to 
have  most  important  bearings  upon  the  conceptions  now  enter- 
tained of  the  physiology  of  the  lymphatic  system,  as  well  as 
upon  its  anatomy ;  for  none  of  the  functions  seriously  attributed 
to  it  at  the  present  day  will  be  found  capable  of  explaining  its 
existence  and  relations  in  the  walls  of  the  larger  lymphatics,  and 
the  only  function  which,  in  our  opinion,  may  hypothetically  be 
held  to  account  for  its  presence  there,  will  also  apply  equally,  in 
general,  throughout  the  body,  giving  an  additional  importance  to 
the  lymphatic  system. 

The  presence  and  peculiar  position  of  the  Ijrmphatics  within 
the  walls  of  the  larger  lymphatics  themselves  appear,  with  our 
pres^it  conceptions  of  the  physiology  of  the  system,  to  be 
nothing  more  nor  less  than  an  anatomical  curiosity.  Although 
the  same  thing  cannot  be  said  of  the  lymphatics  of  the  walls  of 
arteries  and  veins,  and  however  great  a  dissimilarity  may,  at  first 
sight,  appear  to  exist  in  the  relation  of  the  Ijrmphatics  to  the 
different  structures  which  enter  into  the  different  coats  or  layers 
forming  the  walls  of  the  three  kinds  of  vessels,  we  shall  be  able 
to  recognise  with  tolerable  clearness  that  the  plan  of  distribution 
is  the  same  in  all  three.  It  is  somewhat  curious  that,  notvrith- 
standing  the  fact  that  in  former  days  the  idea  of  the  existence 
of  lymphatics  within  vascular  walls  (and  indeed  everjrwhere) 
had  its  origin  in  this  country  as  a  hypothetical  deduction  from 
certain  experiments  on  animals  performed  by  the  Hunters  and 
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their  successors,  that  idea  having  been  overthrown,  or  been 
supposed  to  be  overthrown,  by  the  experiments  performed  by 
Majendie,  it  has  at  length  disappeared  from  all  the  latest 
English  text-books  on  anatomy  and  on  physiology,  as  far  as  we 
have  yet  been  able  to  ascertain.  Even  Carpenter,  whose  work 
is  supposed  to  refer  to  every  physiological  question  under  the 
sun,  makes  no  allusion  to  this  one ;  and  it  has  been  left  in  these 
days  to  Continental  writers  to  keep  up  the  Hunterian  legend, 
and  to  Continental  investigators  to  demolish  the  Hunterian 
hypothesis  by  applying  to  it  the  test  of  a  practical  investiga- 
tion. 

Of  those  who  have  practically  investigated  this  question,  Professor 
Sappey  is  certainly  the  most  important,  and  no  more  recent  authority 
could  be  quoted.  At  page  797  of  his  Anatomie  DescripHve,  published 
in  1876,  he  says : — ''The  internal  membrane  of  the  circulatory  apparatus 
has  been  considered  as  a  closely  serried  plexus  of  lymphatic  capillariea 
This  opinion,  emitted  by  the  illustrious  Hunter,  was  published  at  first 
by  his  pupil  Cruikshanks,  then  by  Mascagni,  and  afterwards  by  a 
great  number  of  authors.  Lautb,  by  showing  such  capillaries  on  the 
walls  of  the  heart,  attracted  new  partisans  to  the  doctrine.  Shortly 
afterwards,  Breschet  admitted  that  the  plexus  discovered  by  that 
anatonust  becomes  prolonged  upon  the  whole  extent  of  the  circulatory 
apparatus.  The  employment  of  the  mercurial  injection  tube,  said  he, 
allows  us  to  recognise  that  the  interior  of  the  whole  vascular  system  is 
formed  by  lymphatic  vessels. 

"  Proposing  to  myself  to  study  these  vessels,  I  have  explored  with 
the  point  of  the  tube  the  walls  of  the  arteries  and  veins,  fuUy  con- 
vinced that  I  was  about  to  see  a  plexus  of  numerous  capillaries  rapidly 
display  itself  at  the  first  juncture.  My  surprise  has  been  great  not  to 
find  them  anywhere  upon  the  arfcerial  and  venous  walls  belonging  to 
the  different  parts  of  the  body.  I  have  never  been  able  to  see  the 
smallest  canaliculL  Other  investigators  have  taken  up  this  research, 
but  with  no  better  result  We  may,  therefore,  admit  that  the  blood- 
vessels are  destitute  of  lymphatic  vessels.''  To  the  foregoing  we  may 
add,  that  nowhere  in  his  works  can  we  discover  that  Sappey  makes 
even  the  most  distant  reference  to  lymphatics  within  the  waUs  of  the 
larger  lymphatic  vessels. 

Contemporaneously  with  Sappe/s  earlier  researches  into  the  lym- 
phatic system,  we  have  the  writings  on  this  subject  of  the  great 
French  anatomist  Cruveilhier,  whose  opinions,  however,  seem  to  be 
derived  more  as  deductions  from  hypotheses  than  as  ascertained 
anatomical  facts.  The  opinions  of  Cruveilhier  on  the  present  question 
are  no  exception  to  his  usual  practice.  At  page  120  of  the  third 
volume  of  hia  Anatomie  Descnptive,  published  in  1851,  he  says : — 
"  We  have  as  yet  only  partially  found  the  lymphatic  network  of  the 
internal  membrane  of  the  veins  and  arteries,  but  the  analogy  which 
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exists  between  the  internal  membiane  of  the  serous  suifaces  and  the 
internal  membiane  of  these  vessels  is  suchy  that  I  have  no  doubt 
whatever  of  the  identity  of  the  results  as  regards  the  lymphatic  plexua 
I  have,  moreover,  met  with  special  lymphatics  of  the  aorta,  injected 
with  blood,  in  several  cases  of  alteration  of  the  wall  of  this  vessel" 
At  page  136  he  further  states : — ''  Lymphatic  vessels  of  an  excessive 
tenoityy  analogous  to  the  vasa  vasorum  of  arteries  and  veins,  probably 
arise  from  the  walls  of  the  lymphatics.'' 

With  reference  to  these  opinions  of  Cmveilhier,  we  may  at  once 
state  that  we  have  never  yet  seen  the  slightest  vestige  of  a  lymphatic 
within  the  intima  of  arteries  or  of  veins  having  a  muscular  coat ;  and 
there  is  every  reason  to  suppose  that  the  lymphatics  injected  with 
blood  in  the  aorta  were  only  blood-vessels,  and  not  lymphatics. 
Further,  there  is  no  more  tenuity  in  the  lymphatics  which,  he  says, 
probably  exist  in  the  lymphatic  wall,  than  in  the  lymphatics  elsewhere 
in  the  body. 

The  German  anatomists  seem  to  give  little  attention  to  this  question, 
their  remarks  being  evidently  borrowed  from  the  French.  Henle,  in 
his  Hcmdbuch  der  Anatomie,  page  407,  says: — "Hunter,  Mascagni, 
and  Breechet  had  looked  upon  the  inner  membrane  of  the  blood- 
vessels as  a  structure  rich  in  lymphatics,  and  had  even  described  it  as 
consisting  of  coils  of  lymphatic  vessels.  For  the  intima  of  the  blood 
and  lymphatic  vessels  this  opinion  has  long  ago  been  given  up ;  even  in 
connection  with  the  endocardium,  their  existence  has  been  disputed  by 
Sappey."  Eberth,  who,  with  Beligefif,  published  an  account  of  the 
lymphatics  of  the  endocardium  in  Yirchow's  Archiv,  repeats  the 
opinion  he  expressed  there,  in  his  article  on  the  blood-vessels,  in 
Stricker^s  Handbook^  voL  L  p.  266,  as  follows : — ^  Lymphatics  have  not 
hitherto  been  traced  into  the  coats  of  the  blood-vessels.  The  lymphatics 
of  the  endocardium  only  extend  as  far  as  the  semi-lunar  valves." 

In  OTir  own  country,  the  latest  opinions  we  have  been  able  to  dis 
cover,  to  which  any  weight  can  be  ascribed,  are  those  of  Lane,  in  the 
article  '^  Lymphatics,"  in  Todd's  Cydopcedia  of  Anatomy,  At  page 
216  he  says : — "  With  respect  to  the  universal  network  of  lymphatics, 
attributed  to  the  lining  membrane  of  the  heart,  and  to  that  of  the 
arteries  and  veins,  I  cannot  admit  that  the  injection  of  a  few  minute 
canals  with  quicksilver  on  the  lining  membrane  of  the  heart  of  the 
horse  by  Lanth,  and  similar  injections  by  Cruveilhier  and  Bonamy, 
can  be  received  as  demonstrations."  At  page  217,  with  a  caution 
more  characteristic  of  the  investigator  than  of  the  compiler,  he  justly 
states  that  his  own  anatomical  and  physiological  investigations  lead 
him  to  consider  that  the  extent  to  which  the  lymphatics  are  supposed 
to  exist  in  the  organism  must  be  greatly  curtailed.  He  also  believes 
Uiat  **  anatomists  have  not  yet  freed  themselves  from  the  influence  of 
the  Hunterian  views  which  supposed  ubiquity  for  the  lymphatics." 
An  example  of  the  influence  which  he  deprecates,  bearing  upon  the 
present  question,  is  to  be  found  in  a  previous  volume,  under  the  article 
^'  Absorbents,"  by  J.  Hart,  who  gravely  infers,  from  the  absorption  of 
blood  coagula  from  within  the  ends  of  ligatured  arteries,  that  the 
preoence  of  absorbents  is  thereby  proved  in  every  part  of  the  arterial 
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system.  This  is  the  Hunterian  doctrine  puie  and  simple.  The  dis- 
appearance of  blood-clot  is  called  absorption*  Only  lymphatics,  he 
assumes,  absorb ;  therefore,  the  absorption  of  blood  from  tiie  interior 
of  arteries  demonstrates  the  existence  of  lymphatics  on  the  inner  surface 
of  the  whole  arterial  system. 

The  foregoing  remarks,  it  will  be  understood,  only  refer  to  the 
intrinsic  lymphatics  actually  within  the  walls  of  the  blood  and 
lymph  vessels,  and  they  have  no  bearing  upon  the  question  of 
lymphatic  sheaths,  or  of  companion  lymphatics  of  blood-vessels. 
The  former  are  still  much  believed  in  at  the  present  day,  more 
especially  in  connection  with  the  lymphatic  sheaths  or  spaces 
which  are  supposed  to  surround  the  blood-vessels  in  the  brain. 
To  all  statements  in  regard  of  the  existence  of  such  structures 
we  give  an  unqualified  contradiction.  The  facts  which  were 
supposed  to  prove  them  were  artificial  productions,  and  already, 
in  our  artide  on  the  lymphatics  of  the  pancreas,^  we  have 
explained  the  cause  of  such  artificial  appearances,  and  described 
a  method  by  which  they  may  be  produced  at  will  under  the 
microscope,  where  every  step  in  the  process  may  be  watched, 
and  the  relation  of  such  imitation  lymphatics  with  the  real 
l}rmphatics  made  perfectly  clear,  both  of  them  being  demon- 
strated within  the  same  preparation. 

The  question  of  companion  lymphatics  of  blood-vessels, 
although  hitherto  left  out  of  consideration  in  the  short  historical 
sketch  we  have  given,  has  really  intimate  connection  with  the 
present  subject  It  is  only  in  the  walls  of  the  largest  blood- 
vessels that  we  expect  to  meet  with  intrinsic  lymphatics ;  but 
with  a  set  of  smaller  veins  and  artery  we  often  find  companion 
lymphatics,  forming,  it  may  be,  a  more  or  less  open  and  irregular 
plexus  round  the  group,  as  if  placed  there  to  drain  ofif  excess  of 
fluid  escaping  from  the  blood-vessels.  This  condition  becomes 
even  accentuated  where  no  collecting  lymphatics  lie  in  the 
vicinity  of  the  group — a  condition  which  we  have  explained  at 
some  length  in  our  article  on  the  lymphatics  of  the  urinary 
bladder.*  As  far  as  their  function  of  drainage  is  concerned, 
there  is  thus  intimate  resemblance  between  the  extrinsic 
plexuses  now  referred  to  and  the  intrinsic  lymphatics  which 

1  This  Journal^  July  1881. 
*  Ibid.,  April  1881. 
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farm  the  special  subject  of  this  paper.  It  is  only  when  these 
latter  are  fonnd  on  the  internal  surface  of  veins  and  lymphatics 
that  the  resemblance  ceases,  and  a  new  function  seems  indicated 
that  is  xmrepresented  in  the  extrinsic  or  companion  lymphatics. 

Before  proceeding  further,  let  us  give  a  short  account  of  the 
method  of  preparation,  and  of  the  structures  we  have  examined. 
The  present  study  does  not  pretend  to  be  an  inquiry  into  the 
comparative  anatomy  of  the  lymphatics  of  vascular  walls  in 
many  different  classes  of  animals.  We  are  more  concerned  with 
establishing  the  fact  of  their  existence,  on  account  of  the  bearing 
it  has  on  the  general  function,  or  one  particular  function,  of  the 
lymphatic  system ;  for  it  must  be  some  function  in  addition  to 
those  of  modified  absorption,  and  of  a  peripheral  drainage 
system,  which  calls  for  the  existence  of  intrinsic  collecting 
lymphatics  upon  the  inner  surface  of  the  thoracic  duct  itseli 
We  start  with  the  knowledge  that  in  the  smaller  vessels  of  the 
larger  mammals,  as  in  the  largest  vessels  of  the  smallest  mam- 
mals, the  structures  we  describe  do  not  exist  We  therefore 
intentionally  choose  the  largest  vessels  in  the  largest  mammals 
at  OUT  disposal  (principally  the  goat  and  horse)  as  the  best 
materials  for  our  research,  as  in  them  we  are  certain  to  find  the 
lymphatic  system  at  its  fullest  development,  the  various  tissues 
forming  layers  in  the  vascular  walls  being  most  distinct,  and 
the  relationship  of  the  l]nnphatics  to  the  layer  most  clearly 
defined. 

In  the  case  of  every  vessel  we  wish  to  examine,  the  use  of  our 
histological  rings  is  absolutely  necessary.^  As,  moreover,  it  is 
necessary  to  get  rid,  as  much  as  possible,  of  the  flocculent  tissue 
forming  the  external  coat,  or  tvmca  adventUia,  of  the  veins  and 
arteries,  it  is  not  advisable  to  dissect  these  out  from  the  tissues 
in  which  they  Ue  buried,  but,  if  strong  enough,  to  tear  them  out, 
as  by  this  process  the  vessels  come  away,  deprived  in  most  cases 
of  this  flocculent  coat  and  of  the  fat  cells  which  are  lodged  often 
within  it  This  is  always  possible  in  the  case  of  the  systemic 
arteries  and  the  pulmonary  arteries  and  veins.  Elsewhere  the 
smaller  veins  and  largest  lymphatics  must  be  dissected  out,  and 
the  loose  fibre  and  fat  cells  subsequently  removed  carefully  from 
their  outer  surface  after  they  are  stretched  upon  the  rings. 

^  Journal  qf  the  Royal  Mierosccpical  Society^  Jnly  1879. 
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Within  this  adventitia  no  lymphatics  ramify,  but  they  only  pass 
through  it  to  ramify  in  the  solid  gelatinous  matrix  of  the  wall 
lying  internal  to  the  adventitia,  and  on  the  outer  surface  of  a 
muscular  layer,  when  such  exists.  The  adventitia  prevents  the 
passage  across  it  of  the  solutions  of  silver  and  gold  used  by  us  to 
demonstrate  the  lymphatics ;  it  is  therefore  necessary  to  remove 
it  before  the  solutions  are  applied.  Whether  this  adventitia  be 
removed  by  tearing  it  out,  in  the  case  of  strong  vessels,  or 
picking  it  away  with  forceps,  in  the  case  of  the  weaker  walls  of 
lymphatics  and  veins,  after  these  have  been  stretched  upon  the 
rings,  the  greatest  care  must  be  taken  not  to  touch  the  cleared 
surface  with  the  fingers  lest  it  be  made  greasy,  and  the  solutions 
be  thus  prevented  from  acting  fairly  upon  the  tissues  beneath. 
The  vessels  having  been  removed  and  slit  up  with  scissors, 
portions  of  the  wall  are  placed  on  the  rings,  with  the  internal 
or  endothelial  surface  of  the  vessel  turned  outwards,  for  the  outer 
surface  of  the  tambourine  thus  formed  From  this  surface  the 
endothelium,  or  lining  cells,  and  the  serum  are  removed  by 
passing  the  edge  of  a  sharp  scalpel  lightly  across  it;  if  the 
opposite  surface  have  still  any  of  the  adventitia  adhering  to  it, 
that  ought  also  to  be  removed  by  a  pair  of  sharp-pointed  forceps. 
If  the  tissue  is  too  thick  to  be  transparent  under  the  microscope, 
as  in  the  case  of  the  aorta  of  a  horse,  it  is  easy  to  remove  either 
the  inner  or  outer  half  of  the  wall,  by  splitting  it  off  with  the  point 
of  a  shaip  scalpel,  leaving  upon  the  rings  that  surface  in  which 
it  is  intended  to  demonstrate  the  lymphatics. 
.  The  foregoing  conditions  having  been  obtained,  the  rest  is  very 
easy.  A  2  per  cent,  solution  of  nitrate  of  silver  is  poured  rapidly 
on  and  off  the  surface  or  surfaces  we  wish  to  prepare.  After  a 
few  minutes'  exposure  to  ordinary  light,  the  tissue  is  well  washed 
with  ordinary  water,  and  a  1  per  cent  solution  of  chloride  of  gold 
allowed  to  remain  in  contact  with  one  or  both  surfaces  which 
have  been  silvered.  The  whole  is  then  well  washed,  and  the 
requisite  exposure  effected  in  a  not  too  bright  light,  until,  by 
repeated  examination  under  the  microscope,  we  are  able  to  ascer- 
tain whether  the  preparation  is  likely  to  prove  successfuL  When 
it  has  attained  the  requisite  development,  it  is  clarified  in  the 
usual  manner  by  essential  oil  or  glycerine,  and  excised  and 
mounted  as  a  permanent  preparation. 
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We  have  already  remarked  that,  although  at  first  sight  the 
position,  distribution,  and  relationships  of  the  lymphatics  in  the 
coats  of  arteries,  veins,  and  lymphatics  respectively  may  appear 
to  be  entirely  different,  they  yet  follow  one  general  law  in  their 
arrangements ;  and  to  understand  that  general  law  may  prove  to 
be  of  much  more  importance  than  merely  noting  their  different 
appearance  in  each  of  the  three  structures.  To  understand  it,  we 
must  trace  the  development  of  these  three  structures,  and  the 
gradual  formation  of  the  different  tissues  which  compose  them, 
and  which  mainly  regulate  the  position  and  character  of  the 
lymphatics  within  their  walls.  We  must  get  rid  of  that  artificial 
division  and  subdivision  into  many  layers,  which  is  so  well 
calculated  to  puzzle  would-be  anatomists,  and  reduce  their 
description  to  the  simplest  f  onn.  When  we  trace  the  arteries 
and  veins  to  their  most  minute  or  developmentally  simplest 
condition  as  capillaries,  and  the  main  efferent  lymphatics  to 
their  simplest  form  of  channels  of  origin,  we  find  their  walls 
constituted  only  by  one  thin  layer  of  endothelial  cells,  hollowed 
out  originally,  in  the  case  of  the  former,  by  vacuolation,  and 
subsequently  enlarging  their  calibre  in  all  three  cases  by  the 
interposition  of  new  cells  between  the  c|^  originally  forming 
the  walL  With  that  layer  of  endothelium,  or  lining  cells,  we 
may  state,  once  for  all,  that  at  no  period  have  the  lymphatics 
any  connection  whatsoever.  As  the  different  vessels  increase  in 
size  and  importance,  we  find  their  walls  strengthened  by  the 
addition,  externally,  of  a  thin  coating  of  gelatine,  elaborated 
possibly  by  the  cells  forming  the  wall,  as  an  oyster  elaborates 
the  shell  aroimd  its  body.  This  gelatinous  coat  forms  a  very 
important  factor  in  the  present  question,  inasmuch  as  within  it, 
as  within  a  hyaline  matrix,  the  muscular  elements,  with  the 
branched  ceUs,  the  blood-vessels,  lymphatics,  and  nerve  bundles, 
lie  in  special  relations  to  each  other,  according  to  the  character, 
size,  and  condition  of  the  various  vessels  in  which  they  are  to 
be  found.  That  relation  seems  invariable  in  the  walls  of  the 
higher  developed  vessels  of  either  of  the  three  kinds,  and 
may  be  shortly  stated  in  order  as  follows,  passing  from  within 
outwards : — 

1.  The  endothelium  of  flat  cells  lining  the  inner  surface  of  the 
wall 
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2.  A  certain  thickness  of  clear  gelatinous  tissue  or  matrix,  in 
which  lie  numerous  branched  cells,  probably  wandering  cells, 
which  by  many  anatomists  would  be  called  the  fixed  branched 
cells  of  the  connective  tissue.  No  blood-vessels  or  nerves  appear 
in  this  layer. 

3.  The  muscular  coat  composed  of  one,  or  many,  layers  of 
muscle  cells,  with  their  nerves  and  blood  capillaries,  but  desti- 
tute, as  a  rule,  of  lymphatics. 

4.  An  outer  coating  of  gelatinous  tissue,  which  is  the  special 
seat  of  the  lymphatics  and  of  the  larger  blood-vessels  and  nerve 
bundles,  and  containing  many  branched  cells. 

5.  The  loose  gelatinous  fibres  of  the  tunica  adventitia,  which, 
of  all  the  structures  of  the  body,  perhaps  best  merits  the  term 
fibrous  tissue.  It  is  composed  of  a  felting  of  long  loose  fibres, 
completely  disassociated  from  each  other,  and  woven  at  every 
possible  angle  to  each  other  around  the  vessel,  from  which  they 
may  easily  be  torn  off  as  flocculent  bundles.  Lying  within  this 
feltwork  many  branched  cells  and  fat  cells  may  be  found,  but 
no  lymphatics.  The  lymphatics,  with  the  larger  blood-vessels 
and  nerves,  pass  through  it  to  ramify  in  the  solid  matrix  of  the 
fourth  or  outer  layer  of  gelatinous  tissue,  including  everywhere 
under  that  head  both  yellow  elastic  and  white  fibrous  tissue, 
which  are  only  modifications  of  the  same  substance,  and  undis- 
tinguishable  by  the  silver  method  of  preparation. 

In  the  foregoing  scheme,  as  applied  to  the  larger  arteries, 
which  possess  intrinsic  lymphatics  within  their  walls,  the  posi- 
tion assigned  there  to  the  lymphatics  is  invariable,  just  as  the 
coating  of  muscle  cells  is  invariable,  even  if  modified  or  unequal 
in  thickness  on  different  parts  of  the  periphery  of  the  same  vessel 

In  fig.  1  we  have  an  example  of  the  manner  in  which  the 
efferent  Ijrmphatics  have  their  origin,  so  to  speak,  in  a  network 
of  collecting  lymphatics  lying  within  the  outer  layer  of  gelatine 
upon  the  outer  surface  of  the  muscular  coat.  In  no  case  what- 
ever, although  we  have  examined  many  preparations  for  it,  have 
we  met  vrith  lymphatics  penetrating  the  muscular  coat,  and 
appearing  on  its  inner  surface.  This  is  exactly  the  contrary  of 
all  hypothetical  suppositions  in  the  past,  as  well  as  of  the  re- 
puted facts  which  Sappey  has  so  completely  demolished;  it  is 
even  possible  that  this  absence  of  lymphatics  from  the  internal 
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portions  or  layers  in  the  walls  of  arteries,  has  some  bearing  upon 
the  question  of  atheromatous  formation  or  degeneration  in  the 
same  locality. 

In  one  respect,  this  absence  of  lymphatics  from  the  inner 
coats  of  arteries,  while  they  may  exist  in  the  outer  coats,  quite 
agrees  with  the  general  function  of  peripheral  drainage  adjuncts, 
which  appears  to  be  Ae  principal  use  of  the  lymphatic  system 
throughout  the  body ;  but,  when  this  is  granted,  it  only  makes 
more  incomprehensible  the  fact  that,  in  non-muscular  portions 
of  the  walls  of  the  larger  veins  and  Ijrmphatics,  typical  collect- 
ing lymphatics  are  often  to  be  found  in  great  profusion,  aa  shown 
in  figs.  5  and  6. 

According  to  the  views  held  at  the  present  day,  it  would  not 
be  so  very  strange  that  cdlecting  lymphatics  should  appear  close 
to  the  inner  surface  of  arteries,  in  immediate  proximity  to  a 
freshly  elaborated  or  purified  blood  or  blood  serum  on  its  way 
from  its  centres  of  purification  to  supply  the  peripheral  elements 
with  nutrition.  On  the  other  hand,  why,  according  to  the  same 
views,  these  collecting  lymphatics  should  appear  upon  the  inner 
surface  of  veins  and  lymphatics,  close  to  an  exhausted  and  im- 
pure blood  or  lymph  on  its  way  from  the  periphery  to  the  puri- 
fying centaes,  impeding  its  progress  towards  those  centres  by 
draining  it  away  from  the  canals  which  form  its  shortest  route 
thither,  is  sufficiently  puzzling.  Yet  this  latter  condition  every- 
where exists.  The  best  explanation  of  these  apparent  incon- 
gruities is  probably  an  anatomical  one,  unconnected  with  the 
functional  conditions  we  have  referred  to.  In  portions  of  the 
walls  of  veins  and  lymphatics  furnished  with  a  muscular  layer, 
or  coat,  and  approximating  therefore  anatomically  to  the  invari- 
able muscular  coat  of  arteries,  we  have  hitherto  failed  to  find 
lymphatics  on  the  inner  side  of  such  muscular  portions  of  the 
walls,  as  if  the  contractile  action  of  the  muscle  cells  was  detri- 
mental to  the  development  or  existence  of  lymphatics  between 
these  cells  and  the  fluids  upon  which  they  exercise  a  pressure. 
At  all  events,  if  this  be  not  an  explanation,  it  is  an  interesting 
cdncidence  which  deserves  to  be  taken  into  consideration. 

We  were  early  struck  with  the  fact  that,  while  upon  one  por- 
tion of  the  wall  of  a  large  vein  or  lymphatic  the  muscular  layer 
would  be  largely  and  regularly  developed,  as  at  fig.  4,  yet,  on  the 
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opposite  point  in  the  peripheiy  of  the  same  vessel-wall,  and  a€ 
the  same  level,  the  muscular  layer  might  be  altogether  wanting, 
where  only  innumerable  branched  cells  studded  the  matrix  of 
gelatine  forming  the  wall  external  to  the  endothelium.  The 
change  from  branched  cells  to  muscle  cells  was  a  very  gradual 
one,  and  there  could  be  little  doubt  that  the  one  was  developed 
from  the  other,  as  numerous  instances  of  such  cells  undergoing 
the  different  stages  of  change,  from  the  one  to  the  other,  were  to 
be  seen  in  our  preparations.  After  careful  observation  of  sur- 
rounding circumstances,  we  seemed  to  have  arrived  at  the 
explanation  of  this  difference  in  the  wall  of  the  same  vessel,  or 
at  all  events  at  one  of  the  explanations  of  this  condition.  When 
a  large  vein  or  lymphatic  is  attached  to  some  solid  structure,  as, 
for  example,  the  vena  azygos  or  receptaculum  chyli  upon  the 
vertebral  column,  that  portion  of  the  wall  which  is  attached  or 
fixed  to  the  column  in  such  a  way  as  to  be  rendered  immovable, 
and  incapable  of  contraction,  would  generally  be  found  to  be 
destitute  of  muscle  cells,  but  to  contain  innumerable  branched 
cells,  as  in  fig.  3.  On  the  opposite  part  of  the  periphery  of  the 
same  vessel-wall,  however,  at  the  same  level,  that  portion  of  the 
wall  being,  so  to  speak,  free  to  contract  or  dilate  as  occasion 
offered,  we  generally  found  a  regular  layer  of  laige  muscle  cells, 
as  in  fig.  4,  as  if  the  very  act  of  continually  repeated  and  inter- 
rupted movements  had  the  effect  of  transforming  or  developing 
the  branched  cells  into  long  fusiform  or  ribbon-shaped  muscle 
cells  or  fibres,  just  as  a  piece  of  crystalline  malleable  iron  becomes 
fibrous  by  rolling  it  into  bars  or  drawing  it  into  wires. 

In  agreement  with  the  foregoing  variable  conditions  in  the 
structure  of  the  walls  of  veins  and  lymphatics,  we  find  different 
arrangements  of  the  lymphatics  within  the  wall&  As  a  general 
rule,  offering  few  exceptions,  the  lymphatics  do  not  appear  on 
the  inner  surface  of  a  muscular  layer,  when  such  exists  in  the 
walls  of  veins  and  lymphatics.  We  have  examined  several 
scores  of  preparations  of  the  intima,  or  inner  surface  of  arteries, 
veins,  and  lymphatics  possessing  muscular  coats,  and  in  no  case 
have  we  been  able  to  detect  lymphatic  vessels  there,  even  when 
we  could  see  that  they  existed  in  great  numbers  within  the 
gelatinous  matrix  on  the  outer  side  of  the  muscular  Qoat  in  the 
same  locality.    When,  however,  no  regular  muscular  layer  exists 
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in  lihe  wall,  as  in  figa  3  and  6,  we  may,  by  treating  both  surfaces 
of  the  wall  with  silver  solutions,  demonstrate  collectingiilym- 
phatics  on  the  inner  surface,  and  efferent  valved  lymphatics  on 
the  outer  surface  of  the  same  portion  of  wall ;  and,  in  cases 
where  the  wall  is  thin,  we  may  make  the  connection  between  the 
two  divisions  of  collecting  and  efferent  lymphatics  evident  In 
other  cases,  where  the  musdular  layer  is  a  thin  one,  or  formed  of 
one  thickness  of  muscle  cells,  the  silver  solution  may  be  made 
to  penetrate  through  that  thin  layer  from  the  inner  surface,  so  as 
to  make  die  collecting  lymphatics  on  its  outer  surface  perfectly 
evident,  as  in  fig.  4,  thus  supplying  the  connecting  link  between 
non-muscular  veins  and  lymphatic  trunks  with  collecting  lym- 
phatics on  the  inner  surface  of  their  walls  and  the  intima  of 
muscular-walled  arteries  where  the  collecting  lymphatics  never 
appear,  and  showing  both  conditions  to  be  consistent  with  one 
general  plan  or  rula 

Let  as  now  trace  the  course  of  the  intrinsic  lymphatics,  from 
the  point  at  which  they  leave  the  walls  of  the  various  vessels, 
and  consequently  in  a  direction  contrary  to  the  course  of  the 
lymph  stream.  In  most  cases,  where  the  vessel,  whatever  its 
nature,  is  external  to  an  organ,  the  efferent  lymphatic  or 
lymphatics  of  its  wall  pass  off  at  right  angles  to  that  wall,  and 
tiiere  join  together  to  form  main  lymphatics  running  parallel  to 
the  vessel  In  the  thoracic  duct,  the  intrinsic  lymphatics  of  its 
wall  bear  the  same  relation  to  it  that  the  blood-vessels  of  the 
walls  of  arteries  and  veins  do  to  these  structures.  In  other 
words,  the  lymphatics  of  the  wall  of  the  thoracic  duct  are  not 
branches  of  the  duct,  and  do  not  open  directly  into  it,  as  far  as 
we  have  been  able  to  ascertain,  but  join  lymphatic  trunks  pass- 
ing away  from  that  neighbourhood,  but  which  may  afterwards 
join  it  near  its  termination,  either  directly  or  through  the  medium 
of  other  large  trunks  taking  that  course. 

In  the  case  of  the  intrinsic  lymphatics  of  the  walls  of  arteries 
and  veins  of  solid  organs,  like  the  spleen,  kidney,  lung,  &c.,  the 
eiSsrent  lymphatics  form  a  plexus  on  the  outer  surface  of  the 
walls,  which  lies  more  or  less  longitudinally  along  the  wall, 
allowing  the  lymph  and  blood  streams  to  run  parallel  to  each 
other  until  the  blood-vessels  lie  free  of  the  solid  organ,  and  the 
lymphatics  of  their  walls  are  thus  enabled  to  pass  off  from  them 
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and  join  large  lymphatic  trunks.  In  the  case  of  the  larger 
vessels,  like  the  aorta  and  carotid  arteries,  the  vena  cava  and 
jugular  veins,  the  plexus  of  valved  efferent  lymphatics  is  dense 
and  complicated,  as  shown  in  figs.  1  and  2.  In  such  vessels  the 
efferent  lymphatics  lie,  as  a  rule,  at  right  angles  to  the  axis  of 
the  vessel,  within  the  outer  portion  of  the  outer  layer  or  matrix 
of  gelatinous  tissue,  and  forming  frequent  anastomoses  with  each 
other  by  means  of  branches  showing  great  irregularity  in  size ; 
and  when  they  reach  that  point  in  the  periphery  where  they  are 
to  leave  the  wall,  they  pass  at  once  through  the  adventitia  to 
join  the  larger  lymphatic  trunks  which  lead  the  lymph  away 
from  that  neighbourhood. 

When  we  come  to  the  medium-sized  arteries  and  veins,  we  no 
longer  find  the  profuse  and  intricate  plexus  of  efferent  lymphatics 
seen  upon  the  walls  of  the  larger  vessels.  One,  or  at  most  two 
efferent  lymphatics  form  part  of  a  group  with  a  nutrient  arteiji 
and  probably  a  couple  of  companion  veins,  and  sometimes  a  nerve 
bundla  Such  groups  are  found  at  intervals  along  the  vessels, 
with  a  long  space  between  the  groups.  In  such  cases  the  nutrient 
artery  generally  lies  in  the  centre,  with  a  companion  vein  on 
each  side  of  it,  and  external  to  each  vein  an  efferent  lymphatic 
is  found,  all  lying  parallel  to  each  other.  Upon  each  efferent 
lymphatic  a  large  number  of  valvular  dilatations  are  seen,  close 
to  each  other,  along  the  course  of  the  lymphatic.  From  each  of 
these  valvular  dilatations  a  straight  valveless  collecting  lymphatic 
passes  off  at  right  angles  to  the  main  efferent  lymphatic,  away 
from  the  group,  to  meet  half-way  with  the  collecting  lymphatics 
belonging  to  another  group,  and  to  form  typical  gridiron  plexuses 
of  collecting  lymphatics  with  these,  either  external  to  the  mus- 
cular layer  of  the  arterial  or  venous  wall  or,  when  the  latter 
possesses  no  muscular  coat,  to  form  a  plexus  immediately  under 
the  endothelium  of  the  inner  surface,  as  in  fig.  6.  The  collect- 
ing lymphatics,  as  they  pass  off  at  right  angles  to  the  efferent 
lymphatics,  lie,  of  course,  parallel  to  each  other,  a  disposition 
similar  to  that  often  observed  in  the  lymphatics  of  striated 
muscle;  where,  however,  the  main  efferent  lymphatics  generally 
lie  across  the  line  of  the  muscle  fibres,  and  the  main  collecting 
lymphatics  parallel  to  these  fibres  and  to  each  other.^ 

1  **  Lymphatiqnesdes  Muscles  Stri^*'  fig.  1,  Journal  de  VAiuUonUe,  Nov.  1879. 
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The  intrinsic  eflferent  lymphatics  generally  pass  off  from  the 
wall  of  the  vessel  at  the  point,  or  side,  which  is  attached  to 
other  stractores.  Thus  the  efferent  lymphatics  of  the  walls  of 
the  aorta,  vena  azygos,  and  thoracic  duct,  leave  those  vessels 
where  they  are  attached  to  the  vertebral  column. 

Betaming  again  to  the  collecting  lymphatics,  we  have  abeady 
seen  that  their  ultimate  relative  position  on  the  walls  of  veins 
and  lymphatic  vessels  depends  on  whether  these  vessels  have  a 
layer  of  muscles  or  not  in  their  walla  When  the  muscular 
layer  is  present  the  collecting  lymphatics  lie  external  to  it,  and 
do  not  appear  on  the  inner  surface,  or  intima,  as  it  is  cetlled. 
But,  when  the  muscular  layer  does  not  exist,  the  lymphatics 
may  ramify  immediately  underneath  the  lining  endothelium  of 
the  walL  It  often  happens  that  only  one  long,  solitary,  valveless 
lymphatio  would  thus  be  seen  upon  the  inner  surface  of  the 
vessel  At  another  time  a  large  number  of  such  long,  solitary, 
eoUecting,  valveless  lymphatics  may  be  seen,  at  short  distances 
from  each  other,  on  the  greater  portion  of  the  internal  surface 
of  the  vessel  wall  At  other  times,  and  especially  when  the 
vascular  wall  was  attached  to  a  firm  support,  a  dense  gridiron 
plexus  IS  seen,  of  which,  the  plexus  shown  in  fig.  6,  from  the 
inner  surface  of  the  wall  of  the  vena  azygos,  where  it  was 
attached  to  the  vertebral  column,  is  an  example.  It  is  the 
most  dense  and  complex  of  the  plexuses  we  have  yet  met 
with. 

Having  now  described  the  appearance  and  relationships  of 
the  intrinsic  lymphatics  within  the  vascular  walls,  we  reach 
the  more  important  question  of  their  function  there.  Any 
attempt  to  solve  that  question  involves  an  inquiry  into  the 
functions  hitherto  seriously  attributed  to  the  lymphatic  system, 
and  into  the  grounds  upon  which  the  belief  in  such  functions 
rests.  We  say  seriously,  in  the  sense  that  such  functions  are 
believed  in  by  investigators  themselves,  without  referring  to  the 
hundred  and  one  supposed  functions  that  are  advanced  con- 
tinually by  theorists  in  the  current  medical  literature  of  the 
day.  That  the  lymphatics  have  the  function  of  being  peripheral 
drainage  adjuncts,  we  have  always  insisted  on  in  our  previous 
researches  into  the  lymphatic  system,  and  this  is  as  plainly 
demonstrated  by  their  anatomical  position  and  relations  as  any- 
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thing  could  well  be  demonstrated.  We  have  only,  however, 
looked  upon  this  as  the  one  special  function  of  the  lymphatic 
system ;  and,  as  far  as  the  walls  of  arteries,  or  the  walls  of  veins 
and  lymphatics  possessing  muscular  coats,  are  concerned,  it  may 
be  the  chief,  if  not  the  only,  function  of  the  lymphatics  found 
there,  to  act  as  drainage  adjuncts.  On  the  inner  surface  of 
veins  and  lymphatics,  such  a  function  would  be  out  of  place, 
and  their  presence  there  must  certainly  subserve  some  other 
purpose  than  drainage,  for  there  they  carry  the  lymph  away 
from  the  interior  of  the  vessel,  instead  of  pouring  it  into  it 
The  only  other  generally  alleged  function  of  the  lymphatics  is 
that  of  specific  absorption,  and  we  have  therefore  to  inquire 
what  grounds  there  may  be  for  attributing  such  supposed 
function  to  the  lymphatics,  so  far  indeed  as  to  give  them  the 
name  of  absorbents,  a  name  given  on  merely  hypothetical  and 
mostly  erroneous  grounds,  but  often  used  in  preference  to  the 
name  lymphatic,  founded  upon  the  fact  that  they  contain  what 
is  called  lymph.  Before,  therefore,  we  can  ascribe  to  the 
lymphatics  found  upon  the  inner  surface  of  veins  and  lymphatic 
trunks  the  function  of  absorption,  we  must  inquire  what  is 
meant  by  the  term,  and  how,  and  for  what  purpose,  it  can  be 
performed  in  such  localitiea 

It  is  no  exaggeration,  we  believe,  to  say  that  thousands  of 
experiments  have  been  performed  upon  living  animals,  most  of 
them  of  a  very  cruel  and  painful  nature,  for  the  sole  purpose 
of  elucidating  this  one  function  of  absorption,  in  relation  to  the 
lymphatic  system.  We  cannot  call  to  mind  that  any  other 
function  for  the  Ijrmphatics  has  ever  had  victims  devoted  to  it, 
but  they  have  all  been  sacrificed  to  the  demonstration  of  absorp- 
tion. And  yet  nothing  could  be  more  unsatisfactory,  more 
contradictory,  and  more  worthless,  than  the  results  obtained 
from  such  experiments.  When  we  come  to  inquire  what  they 
have  proved  regarding  absorption,  we  find  no  clear  evidence 
whatever  of  the  vital  phenomena,  or  power  of  selection,  that  is 
generally  understood  by  the  term ;  but  almost  all  experiments 
have  turned  on  the  question,  whether  absorption  is  performed 
by  the  lymphatics  only,  or  whether  it  has  been  shared  in  or 
wholly  performed  by  the  veins.  These  two  points  have  been 
the  foundation  of  the  opposite  views  of  two  different  schoolsi — 
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the  fiist,  that  of  Hunter,  the  second,  that  of  Majendie, — ^which 
have  wrangled  and  experimented  without  stint  over  these  two 
divisions  in  the  one  conception  of  absorption.  Even  in  the  one 
locality,  and  in  the  one  division  of  the  lymphatic  system  in 
which  the  function  of  absorption  appears  to  be  clearest,  namely, 
in  the  lacteals  of  the  intestinal  canal,  later  views  and  physical 
experiments  point  to  a  process  of  dialysis  to  which  digestion  is 
merely  an  indispensable  prelude,  forming  the  food  into  dialysable 
materials,  a  view  that  almost  dispenses  with  a  specific  function 
of  absorption.  Similarly,  the  presence  of  fat  molecules,  blackened 
by  osmic  acid,  which  may  be  demonstrated  between  the  epithe- 
limn  covering  the  villi,  is  no  proof  of  absorption,  for  the  same 
blackened  fat  molecules  can  be  equally  well  demonstrated 
between  the  epithelial  cells  lining  the  sweat  ducts. 

It  was  upon  the  intestinal  canal  and  its  lymphatics,  or  lacteals, 
that  Dr.  William  Hunter  and  his  school  performed  their  experi- 
ments, to  prove  that  only  the  lymphatics,  and  not  the  veins, 
carried  away,  or  absorbed,  nutritive  lymph,  or  chyle,  from  the 
contents  of  the  intestinal  canaL^  The  plan  followed  by  them 
was  first  to  choose  a  very  patient  (sic)  animal  They  first  tried 
dogs,  but  t^ese  were  not  patient  enough,  and  ansesthetics  were 
unknown.  Sheep  were  found  to  be  more  patient,  and  more 
satisfactory ;  but,  as  stated  by  John  Hunter,  the  ass  was  found 
''to  be  patient  in  the  greatest  d^ree,  and  not  so  large,  nor  so 
strong,  but  that  he  may  be  managed."  The  animal  was  thrown 
upon  his  back  in  a  garden,  and  his  1^  tied  to  four  stakes.  The 
abdomen  was  laid  open  widely,  and  a  portion  of  the  intestinal 
canal  included  between  two  ligatures.  Certain  coloured  and 
odoriferous  fluids  were  then  injected  into  the  included  portion 
of  the  canal,  and  without  going  more  minutely  into  the  various 
stq^y  it  may  be  said  that  the  fluids  referred  to  were  only  found 
by  those  experimenters  within  the  lacteals,  and  never  vnthin  the 
veins ;  hence  the  Hunters  came  to  the  conclusion  that  absorp- 
tion was  performed  only  by  the  lacteals.  This  was  the  sole 
result  obtained,  but  upon  that  result  was  built  up  the  most 
astounding  hypotheses,  many  of  which  still  exist,  at  the  present 
day,  without  one  iota  of  actual  proof. 

It  may  be  observed  here  that  subsequent  experimenters, 
I  John  Honter's  fTorks,  by  Palmer,  London,  1885. 
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in  performing  the  same  experiments,  came  to  the  opposite 
conclusion  regarding  absorption  by  the  veins;,  but,  for  the 
piesent,  we  adhere  to  Hunter's  results,  in  order  to  show 
where  thej  led  him  and  succeeding  physiologists  in  this 
country. 

We  have  already  referred  to  the  experiment  so  often  repeated 
by  Majendie,^  in  which,  after  carefully  dissecting  out,  and  pro- 
tecting, the  femoral  artery  and  vein  in  the  thigh  of  a  dog,  the 
whole  of  the  tissues  and  lymphatics  of  the  thigh  were  cut 
through,  and  a  poison  injected  into  the  severed  limb.  As  the 
poison  soon  after  killed  the  animal,  it  was  clear  that  it  must 
have  returned  into  the  system  from  the  severed  limb  by  the 
veins  -,  "  therefore,"  said  Majendie, ''  this  proves  that  absorption 
takes  place  by  the  veins."  It  was  objected,  hypothetically,  at 
the  time,  that  there  might  be  lymphatics  within  the  coats  of  the 
blood-vessels  themselves,  according  to  Hunter's  doctrine,  through 
which  absorption  might  be  carried  on,  and  that  through  such 
channels  the  poison  had  passed  which  killed  the  animaL 
Majendie  at  once  met  this  by  severing  artery  and  vein,  and 
connecting  them  by  a  quill,  through  which  the  circulation  was 
re-established.  Still,  however,  the  result  of  injection  of  poison 
was  as  before.  This  is  supposed  to  have  established  Majendie's 
proposition,  although,  in  this  country,  it  has  often  been  pointed 
out  that  the  process  of  injection  necessarily  ruptured  many 
blood-vessels,  that  there  was  therefore  virtually  injection  into 
the  blood-vessels,  and  not  absorption.  Thus,  the  value  of  this 
horrible  experiment  was  simply  rdl. 

Another  experiment  of  Majendie's,  for  the  same  purpose,  has 
hitherto  been  considered  unanswerable,  although  the  present 
research  at  once  gives  a  key  to  it  He  carefully  dissected  out 
the  jugular  vein  in  a  living  animal,  freeing  the  vein,  for  a  con- 
siderable distance,  from  the  surrounding  tissue.  He  then  lifted 
up  the  vein  and  inserted  a  broad  piece  of  cardboard  between  it 
and  its  former  bed.  Upon  the  denuded  vein,  near  the  middle  of 
the  cardboard,  he  poured  a  poisonous  solution,  which  touched 
no  other  tissue  than  the  venous  wall,  and  yet  the  animal  died. 
But  if  any  one  would  only  look  at  the  plexus  of  lymphatics 
which  lies  upon,  or  within,  the  wall  of  the  vein,  shown  in  fig.  2, 
1  Migendie,  PrMs  EUmetUaire  de  Fhysiologie,  Paris,  1886. 
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and  consider  that  so  many  lie  within  a  portion  only  two  nulli- 
metres  square,  there  would  be  little  difficulty  in  proving  that 
Majendie's  experiment  was  worthless  as  far  as  the  demonstration 
of  non-lymphatic  absorption  is  concerned. 

These  experiments  of  Majendie's  directly  involved  the  question 
of  the  existence  of  Ijrmphatics  within  the  walls  of  the  veins,  and 
were  intended  physiologically  to  overthrow  the  speculations  of 
Hunter,  which  had  led  to  his  conception  of  lymphatics  within 
vascular  walls ;  and  on  that  account  they  have  an  interesting 
connection  with  the  subject  of  the  present  paper.  Of  course,  as 
far  as  the  results  of  the  experiments  made  by  either  Hunter  or 
Majendie^  or  by  their  respective  followers,  were  concerned,  the 
absorption  they  demonstrated  was  only  a  modification  of  the 
function  of  drainage,  which  we  have  so  often  insisted  upon.^  It 
was  a  draining  o£f  of  the  chyle  from  the  contents  of  the  intestine 
that  Hunter  proved  to  take  place  by  the  lacteals ;  and  Majendie 
only  sought  to  prove  a  draining  away  by  the  veins  of  the 
poisonous  fluid  which  he  injected  or  poured  upon  the  tissue  or 
vein  wall  So  far,  therefore,  as  the  opinions  of  either  school  are 
concerned,  they  throw  no  light  on  the  use  of  the  lymphatics  in 
vascular  walls,  the  function  of  drainage  having  been  already 
discussed  by  us  as  inapplicable,  at  all  events,  to  the  inner  surfaces 
of  the  walls  of  lymphatics  and  veins. 

Absorption,  as  conceived  by  Hunter,  was  a  very  different 
thing  from  the  absorption  which  is  only  a  kind  of  drainage ;  and 
the  question  that  next  arises  is  whether  the  lymphatics  of 
vascular  walls  can  have  any  relation  to  the  function  of  absorp- 
tion as  conceived  by  Hunter,  and  still  adhered  to  as  a  doctrine 
at  the  present  day.  The  absorption  he  referred  to  was  a  solvent 
and  modelling  function,  which  first  seemed  to  teing  solid  sub- 
stances into  a  soluble  form,  under  which  form  they  were  subse- 
quently removed  by  the  lymphatics ;  and  it  was  in  this  extreme 
sense  that  he  applied  the  term  absorbents  tp  the  lymphatic 
system.    These  vessels,  according  to  him,  were  the  prime  agents 

1  It  IB  poariUe  that  the  remits  obtained  by  both  parties  were  oorrect,  due  we 
might  soggest  to  the  different  specific  density  of  the  fluids  employed  by  either 
side.  If  the  poisonous  solution  employed  by  Majendie  was  less  dense  than  the 
aemm  of  the  blood  within  the  vein,  it  would  pass  into  the  vein  by  endosmosis ;  if 
denser,  the  blood  serum  would  pass  out  into  the  solution. 
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in  the  absorption  of  fat,  blood-clot,  normal  and  pathological 
tissues  in  general,  such  as  tumours,  and  even  bone  itself,  either 
in  the  necrosed  condition  or  in  the  alveoli  of  the  jaw  whence  the 
teeth  had  been  extracted.  The  diflBculty  that  presents  iteelf  to 
us  in  respect  of  looking  for  anj  such  absorbent  function  for  the 
lymphatics  of  vascular  walls  is,  that  we  consider  that  all  these 
examples  of  absorption  we  have  mentioned,  as  instanced  by 
Hunter,  have  no  foundation  in  fact  in  any  one  case ;  and  even 
although  we  find  an  aortic  aneurism  causing  so-called  absorption 
of  the  sternum,  or  bodies  of  the  vertebrse,  we  cannot  admit  for 
a  moment  that  that  has  anything  to  do  with  the  lymphatic 
system,  notwithstanding  that  the  lymphatics  are  numerous  on 
the  healthy  aorta.  To  explain  this,  let  us  enumerate  some  of 
the  examples  mentioned  by  Hunter.  The  argument  used  is 
somewhat  as  follows : — 1.  He  found  that  liquids  in  the  intestinal 
canal  were  taken  into  the  system  by  the  lacteals  only ;  therefore, 
he  says,  the  lacteals  only,  and  not  the  veins,  are  absorbents.  2. 
The  systemic  lymphatics  are  similar  to  the  lacteals ;  therefore 
the  whole  of  the  lymphatics  are  absorbents.  3.  All  fat,  blood- 
clot,  bone,  or  other  normal  and  pathological  tissues  which  dis- 
appear from  any  locality  are  absorbed  ;  and  as  the  lymphatics  are 
the  only  absorbents,  they  must  have  absorbed  those  tissues. 

4.  As  the  substances  to  be  absorbed  are  found  everywhere  in 
the  body,  therefore  the  lymphatics  must  exist  in  every  tissue. 

5.  (Which  relates  specially  to  this  research).  As  blood-clot  in  a 
ligatured  artery  becomes  absorbed,  the  intima,  or  inner  surface 
of  arteries,  must  be  well  supplied  with  absorbents,  that  is,  lym- 
phatics. 6.  The  lacteals  appear  to  communicate  with  the  cavity 
of  the  intestinal  canal  by  means  of  little  mouths  (the  goblet 
cells) ;  therefore  the  lymphatics  open  by  mouths  upon  all  the 
tissues,  and  especially  upon  the  serous  surfaces  of  the  body, 
including  among  these  the  intima  of  vascular  walls. 

It  would  unduly  lengthen  out  this  paper  were  we  to  show 
how  each  of  the  tissues  mentioned  by  Hunter  becomes  absorbed 
or  disappears,  by  virtue  of  agencies  altogether  independent  of 
the  lymphatic  system.  In  this  sense  we  have  our  answer  ready 
for  each  tissue ;  but  for  the  present  it  may  be  sufficient  if  we 
consider  only  the  case  of  blood-clot,  as  being  entirely  pertinent 
to  the  present  research. 
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In  blood-clot  absorption  the  Ijonphatics  can  have  no  share. 
No  one  can  imagine  that  there  are  any  lymphatics  within  the 
dot  itself,  whatever  there  may  be  in  the  tissues  surrounding  it. 
In  the  intuna  of  arteries  we  have  shown  that  no  lymphatics 
exist,  so  that  when  blood-clot  becomes  absorbed  from  within  the 
occluded  ends  of  a  ligatured  artery,  it  is  manifestly  impossible 
that  the  lymphatics  can  have  had  anything  to  do  with  it  Where 
blood  has  become  effiised  accidentally  within  the  tissues,  we 
have  been  able  to  follow  the  whole  process  of  so-called  absorp- 
tion, or  rather  of  organisation,  in  its  various  stages,  step  by  step.^ 
We  have  observed  that,  some  short  time  after  the  blood  has  been 
efiused  into  the  tissues,  the  wandering  cells  leave  the  interior  of 
the  clot,  and  subsequently  begin  to  act  upon  the  clot  at  its  peri- 
phery, weaving  a  sort  of  f eltwork  of  fibres,  forming  blood-vessels, 
&a,  parallel  to  that  periphery,  until  the  whole  clot  is  organised. 
At  an  early  stage  the  red  blood-corpuscles  break  up,  forming  an 
amorphous  debris,  which  appears  to  be  eaten,  and  thus  removed 
by  the  wandering  cells,  for  the  pigment  granules  can  be  observed 
within  tiiem.  In  the  whole  of  this  process  of  absorption,  or 
organisation,  no  lymphatics  are  present,  and  they  could  thus  take 
no  share  in  the  process. 

Granting,  therefore,  that  the  Hunterian  doctrine  of  absorption 
can  no  longer  be  assumed  for  the  lymphatics,  what  function  can 
the  lymphatics  of  the  inner  surface  of  veins  and  lymphatics 
subeeorve  if  neither  drainage  nor  absorption  can  be  shown  to  be 
necessary  or  applicable  ?  We  are  inclined  to  suppose  that  the 
lymphatics  here,  as  elsewhere,  have  a  large  share  in  the  repara- 
tive, or  healing  process,  after  wounds  of  the  tissues  in  which 
ihey  are  found,  by  specially  supplying  the  lymph,  the  pure 
plastic  material  by  which  wounds  unite  by  first  intention.  The 
tissues  that  are  best  supplied  with  lymphatics  might  therefore 
naturally  be  supposed  to  be  the  ones  in  which  the  healing  pro- 
cess most  readily  takes  place.  The  mere  presence  of  blood  in  a 
wound  seems  to  be  no  help  whatever  to  the  healing  process,  for 
the  red  corpuscles  ought  really  to  be  regarded  as  foreign  bodies, 
which  must  themselves  be  removed,  as  they  are  removed  from 
organising  blood-clot  effused  into  the  tissues,  a  tedious  operation 

>  "Zor  pathologischen  Histologie  der  Schmerzhaften  snbcutanen  Gesoh waist,'* 
Virchow's  AreMv,  4th  February  1881,  p.  237. 
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which  must  greatly  complicate  the  healing  procesa  It  is  possible 
that  it  is  on  this  account  that,  after  a  cut  of  the  integument,  we 
find  bleeding  getting  gradually  lessened,  as  if  by  contraction  of 
the  blood  capillaries,  while  finally  it  stops  altogether,  and  serum, 
or  lymph  alone  (free  from  corpuscles),  comes  from  the  lymphatics, 
forms  the  scab,  and  heals  the  wound  by  first  intention.  This 
same  hypothesis  would  explain  why  in  amputation  of  limbs  a 
skin  flap,  in  which  lymphatics  are  exceedingly  plentiful,  is  of 
greater  value  when  used  without  the  muscles,  in  the  interior  of 
which  lymphatics  are  rare,  although  blood  capillaries  are  plenti- 
ful For  the  same  reason,  the  mesial  line  or  linea  semilunaris, 
being  (as  we  have  shown  elsewhere)^  exceedingly  well  supplied 
with  lymphatics,  as  compared  with  other  portions  of  the  abdo- 
minal wall,  would  be  the  line  of  election  for  making  incisions 
to  lay  open  the  abdominal  cavity.  White  fibrous  tissue,  it 
is  generally  agreed,  heals  more  quickly  perhaps  than  any  other 
tissue  in  the  body,  and  certainly  no  other  tissue  is  better 
supplied  with  lymphatics.  Professor  Sappey's  opinion  notwith- 
standing. 

The  hypothesis  which  we  have  just  stated,  in  as  far  as  it  is 
applicable  to  the  blood-vessels,  receives  a  large  amount  of  corro- 
boration from  some  experimental  researches  undertaken  many 
years  ago  by  the  late  Professor  Spence,  and  which  therefore 
at  the  present  time  may  have  here  a  special  interest  for  the 
Edinburgh  School  of  Medicine.  Professor  Spence  tied  a  number 
of  arteries  in  dogs,  which  were  killed  at  various  intervals  after 
the  operation.  These  tied  vessels  were  afterwards  examined, 
and  they  showed  conditions  not  only  entirely  consistent  with 
the  anatomical  facts  which  we  have  described  in  this  paper,  but 
which  might  have  been  surely  predicted  from  these  facts,  if  the 
knowledge  of  them  had  preceded  the  experiments.  The  experi- 
ments were  made  for  the  purpose  of  investigating  the  changes 
which  take  place  in  the  arteries  of  the  human  body  which  have 
been  ligatured  for  aneurisms ;  and  in  order  to  avoid  even  the 
suspicion  of  warping  the  sense  to  suit  our  own  hypothesis,  to 
which  a  description  of  the  results  of  these  experiments  in  our 
own  words  might  be  liable,  we  shall  quote  verbatim  a  paragraph 
on  this  subject  from  the  pen  of  the  late  Professor  Miller,  as 

1  **  Lymphatiqnes  des  MobcIos  Stri^"  loc  dL 


Digitized  by 


Google 


LYMPHATICS  OP  THE  WAUB  OF  LARGER  BLOOD-VESSELS.      21 

found  on  page  543  of  the  third  edition  of  his  Principles  of 
Surgery.    Profeasor  Miller  says  of  such  ligatured  vessels : — 

**  Plastic  exudation  is  not  limited  to  within  the  vessel  It  occurs, 
and  more  extensively,  on  its  exterior,  forming  a  dense  swelling 
of  some  size,  within  which  the  ligature's  noose  is  deeply  em- 
bedded. The  highly  important,  and  even  essential  character,  of 
this  external  exudation  of  plastic  fibrin  is  fully  elucidated  by  the 
experiments  of  Mr.  Spence,  from  whose  unpublished  drawings 
the  illustrations  herewith  given  are  derived.  He  has  shown 
dearly  that  the  internal  clot,  so  fax  from  being,  as  was  supposed 
by  Manec  and  others,  essential  to  the  separation  of  the  ligature 
without  hsemorrhage,  is  not  imfrequently  wanting  .when  the 
vessel  has  been  successfully  tied,  the  closure  bdng  entirely 
effected  in  these  cases  by  the  plastic  exudation  between  the  cut 
edges  of  the  internal  coats  and  by  the  bulky  fibrinous  mcLss 
within  and  around  the  sheath.  It  is  this  external  exudation 
which,  becoming  vasculansed,  forms  the  medium  whereby  blood 
is  supplied  from  all  the  surrounding  parts  to  the  important  new 
formations  within  the  external  coat  of  the  occluded  vessel; 
and  which,  by  its  equable  pressure  upon  the  divided  ends  of 
the  internal  coats,  prevents  the  tender  adhesions  within  the  . 
sheath  from  being  broken  up,  even  when  there  is  no  coagulum. 
According  to  Mr.  Spence,  the  vessels  of  the  new  plastic  Ijrmph 
are  formed  with  great  rapidity.  In  one  instance,  in  the  dog,  he 
found  them  present  in  considerable  numbers  sixty  hours  after 
the  operation.  After  a  longer  time,  vessels  b^n  to  pass  even 
into  tiie  clot  when  this  is  present ;  these  vessels  being  always  in 
connection  with  those  of  the  sheaths  and  external  lymph,  and 
not  proceeding,  as  has  been  supposed,  from  the  interior  of  the 
artery.** 

Ck>mment  on  the  above  description,  given  for  the  sake  of 
comparison  with  the  facts  which  we  have  discovered,  is  scarcely 
necessary.  The  lymphatics  which  we  have  described  as  rami- 
fying in  what  is  called  the  outer  portion  of  the  middle  coat 
would  be  completely  ruptured  in  "  satisfactory  tying,"  leading 
to  the  e£Fiision  of  their  contained  lymph  only  where  it  has  been 
described  as  lying.  Indeed,  the  facts  being  as  we  have  described 
ihem,  the  consequences  could  not  well  be  otherwise ;  and  the 
subsequent  direction  of  vascularisation  only  tends  to  confirm 
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the  hypothesis  which  we  have  attached  to  the  lymphatics,  in 
addition  to  their  main  function  of  drainage  adjuncts.  The  whole 
hypothesis  is,  however,  only  put  forward  tentatively  by  us,  as  a 
means  of  answering  the  question  propounded  by  the  condition  of 
the  lymphatics  themselves  on  the  inner  surface  of  the  walls  of 
veins  and  lymphatics.  It  may  be  wrong,  but  if  found  to  be  so, 
another  function  must  be  suggested  that  is  distinct  both  from 
the  drainage  function  or  the  absorption  which  is  synonymous 
with  it 

The  following  conclusions  form  a  summary  of  the  results 
obtained  by  us  : — 

1.  No  lymphatics  exist  in  the  intima  or  on  the  inner  side  of 
the  musculature  of  large  arteries.  Thejr  ramify  in  great  numbers 
only  within  the  gelatinous  layer  lying  on  the  outer  surface  of 
the  musculature  between  it  and  the  tunica  adventitia. 

2.  The  foregoing  conclusion  holds  good  also  in  the  case  of  the 
walls  of  large  veins  and  lymphatics  possessing  muscular  coats. 

3.  In  those  portions  of  the  walls  of  large  veins  and  lymphatics 
in  which  the  muscular  coat  is  absent,  the  collecting, lymphatics 
may  form  a  gridiron  plexus,  with  few  or  no  valves,  almost  imme- 
diately underneath  the  lining  endothelium. 

4.  In  all  three  kinds  of  vessels  the  intrinsic  efferent  lym- 
phatics carry  away  the  collected  lymph  from  off  the  waUs,  and 
do  not  open  into  the  cavity  of  any  of  these  vessels. 

5.  While  in  the  walls  of  vessels  possessing  muscular  coats 
the  lymphatics  seem  specially  adapted  as  drainage  adjuncts  for 
such  vessels,  they  must  have  a  separate  function  in  the  cases  of 
veins  and  lymphatics,  where  the  collecting  lymphatics  are  found 
immediately  underneath  the  endothelium.  That  function  is 
probably  to  aid  in  the  repair  of  wounds  of  the  walls  of  these 
structures. 


DESCRIPTION  OF  PLATE  L 

{Drawings  made  by  the  aid  of  the  Camera  Ludda,) 

Fig.  1.  Plexus  of  intrinsic  lymphatics  lying  on  the  outer  surface  of 
the  mosculatuie  ())  of  the  aorta  of  the  horsa  The  upper  portion  are 
collecting,  the  lower  efferent  lymphatics  (^).    . 
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Fig.  2.  Plexus  of  efferent  intrinsic  lymphatics  lying  on  the  outer 
surface  of  the  mnscolature  of  the  aziUary  vein  in  the  horse  (^). 

Fig.  3.  A  portion,  e  l,  of  fig.  5,  greatly  magnified,  showing  part  of  a 
plexus  of  collecting  lymphatics  lying  immediately  underneath  the 
lining  endothelium  of  a  non-muscular  portion  of  the  wall  of  the  recep- 
taculum  chyli  in  the  horse  (rxrr)* 

Fig.  4.  A  portion  of  a  plexus  of  collecting  lymphatics  lying  imme- 
diately external  to  a  thin  muscular  layer  in  the  wall  of  the  thoracic 
duct  in  the  horse  (jiir)- 

Fig.  5.  Plexus  of  collecting  Ijrmphatics  lying  amidst  the  branched 
cells,  and  immediately  underneath  the  lining  endothelium  of  a  non- 
muscular  portion  of  me  wall  of  the  receptaculum  chyli  in  the  horse ; 
dy  track  of  an  efferent  lymphatic  seen  on  the  outer  surface  of  the 

fig.  6.  Gridiron  plexus  of  collecting  lymphatics  on  the  inner  surface 
of  a  non-muscular  portion  of  the  wall  of  the  vena  azygos,  lying  imme- 
diately underneath  the  lining  endothelium,  from  the  horse  (3^). 

a,  artery ;  Cy  branched  cells ;  el,  collecting  lymphatics ;  d,  efferent 
lymphatics ;  m,  muscle  cells. 


Digitized  by 


Google 


MICROCOCCUS  POISONING.    By  Alex.  Ogston,  M.D.. 
Surgeon  to  the  Aberdeen  Boyal  Injvrmary. 

{Coniifvuedfrom  voL  xvL  p,  567). 

Saprjemu. 

(aawpo^,  putrid ;  alfui,  blood.) 

This  term  was  first  used  by  Dr.  Matthews  Duncan  ^  to  signify 
"  mere  poisoning  by  the  chemical  products  of  putrefaction,"  and 
concerning  it  he  says : — 

''Saprsemia,  or  simple  putrid  intoxication — ^poisoning  not  by  an 
organism  multiplying  in  the  blood,  but  by  the  passing  into  it  of  the 
chemical  products  of  putrid  decomposition — ^is  one  upon  which  much 
light  has  been  recently  thrown,  and  with  the  most  beneficial  results  in 
practice.  like  the  other  forms  of  the  so-called  puerperal  fever,  this  I 
shall  treat  as  a  separate  entity,  and  it  frequently  is  so.  But  it  may  be 
combined  with  the  traumatic  fever  of  inflammation,  and  it  is  especially 
liable  to  be  combined  with  septicsBmia  and  pyaemia.  Indeed,  it  has 
long  been,  and  still  is,  the  habit  to  speak  of  septicaemia  and  pyaemia 
as  diseases  of  putrefaction,  but  this  is  a  mistake.  Putridity  of  the 
discharges  is  not  an  essential  part  of  these  diseases  at  all,  though  it 
often  accompanies  them.  The  organisms  which  cause  septicaemia  and 
pyaemia  probably  take  no  part  in  putrefaction.  They  live  in  the  dis- 
charges, and  are  conveyed  or  pass  into  the  blood,  where  they  multiply 
indefinitely.  The  organisms  which  cause  putrefaction,  whether  the 
Bacterium  termoy  or  others  in  addition,  may  pass  into  the  blood  with 
the  putrid  fluids  to  produce  sapraemia,  but  they  do  not  survive,  far 
less  grow  therein. 

"  We  have  then,  in  sapraemia,  when  uncomplicated,  a  very  simple 
problem.  Putrid  ichor  is  absorbed,  or  flows  through  the  uterine 
sinuses,  or  otherwise,  into  the  circulation.  Its  poisonous  constituents 
are  eliminated  rapidly  from  the  blood,  for  if  the  supply  is  stopped  the 
sapraemic  phenomena  quickly  disappear. 

"  When  once  in  the  blood  it  does  not  increase  in  it,  ferment-like, 
independently  of  any  other  supply.  Sapraemia  is  kept  up  by  a  con- 
tinuous supply  of  the  poison.  It  disappears  when  the  supply  from 
without  la  stopped.     To  stop  the  supply  is  the  problem  of  the  cure." 

In  all  that  concerns  saprsemia,  this  description  is  probably 
perfect  It  is  beyond  doubt  that  there  are  organisms  (sapro- 
phytes) that  produce  common  putridity,  and  others  that  cause 

*  "Puerperal  Fever,"  Lcmcd,  1880,  vol  ii.  p.  684. 
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deeomponiions  that  are  not  putridity.  To  the  former  belong 
most,  if  not  all,  forms  of  bacterium,  some  bacilli,  and  some 
spirilla.  To  the  latter  belong  some  bacilli  and  some  micrococci 
If  micrococcns  be  introduced  into  a  fluid  and  there  cultivated,  it 
produces  no  offensive  stench ;  its  ptomaines  are  not  those  of 
putridity.  In  most  acute  abscesses,  where  it  is  found  in  abund- 
ance, no  bad  odour  is  detectable,^  and  if  the  contents  of  an 
abscess,  or  a  fluid  where  organisms  have  been  growing,  be  found 
to  present  a  putrid  smell,  we  are  absolutely  certain  to  detect  in 
it  numerous  organisms  that  possess  either  the  sausage  shape  of 
the  bacterium  or  the  rod  form  of  the  bacillus. 

These  sapro-micro-organisms  produce  disease  in  a  manner 
peculiarly  Aeir  own.  Koch'  thus  describes  their  mode  of 
acti(m : — 

"  five  drops  are  enough  to  kill  a  mouse  within  a  short  time.  Im- 
mediately after  they  have  been  injected,  distinct  morbid  symptoms  are 
observable  in  the  animal  It  becomes  restless  and  runs  much  about, 
yet  showing  great  weakness  and  unsteadiness  of  movement,  ceases  to 
eat^  the  respiration  becomes  irregular  and  slow,  and  death  ensues  in 
four  to  eight  hours.  In  such  animals  the  connective  tissue  of  the 
injection  site  still  contains  the  greater  part  of  the  injected  fluid  in  the 
same  condition  as  when  it  was  injected. 

"  It  shows  the  same  numbers  of  various  organisms  mixed  through 
each  other,  just  as  the  microscope  showed  prior  to  injection;  but  there 
Ib  no  reaction  in  the  neighbourhood,  the  viscera  are  unaltered,  the 
blood  taken  from  the  right  auricle  produces  no  result  if  inoculated  on 
another  mouse,  and  organisms  are  found  neither  in  the  blood  nor  the 
internal  organs." 

The  animal  has  been  poisoned  by  the  ptomaines — i.e.,  the 
gases  and  liquids  of  the  sapro-micro-organisms. 

In  man  we  find  this  saprsemia  in  various  forms  and  degrees. 
The  slightest  form  is  the  sickness  and  nausea  produced  by  a  bad 
smell,  which  is  but  a  ptomEdne  of  putridity,  and  which  has  been 
known  to  produce  serious  symptoms  without  the  possibility  of 
entrance  into  the  body  of  the  micro-organisms  that  generated 
it 

Its  usual  and  most  marked  manifestations  are  in  the  sap- 
raemia  of  childbed,  which  Matthews  Duncan  has  described,  and  in 

^  My  endeavonrs  to  aseertain  the  kind  and  properties  of  the  ptomfunes  of  micro- 
eoccoa  bare  hitherto  failed. 
*  W'undii\feeH<msbrmkheilmt  p.  40. 
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foetid  abscesses  such  as  those  in  or  near  the  abdominal  cavity — 
in  the  fonner  case  it  may  exist  alone,  in  the  latter  its  symptoms 
are  mixed  with  those  of  septicaemia. 

Where  pure,  as  after  childbed,  its  symptoms  are  the  rising 
temperature,  the  hot  skin  striving  by  perspiration  to  throw  off 
something  that  the  system  is  resenting,  the  full  pulse,  the  flushed 
face,  the  headache,  and  the  occasional  tendency  to  gastro-intesti- 
nal  derangements.  We  see,  in  fact,  that  the  system  is  poisoned, 
and  the  foetid  lochise,  with  probably  putrefying  clots,  are  evi- 
dently the  pool  of  poison  that  is  causing  the  eviL  We  wash 
out  vagina  and  uterus,  or  it  may  be  that  we  merely  set  our 
patient  erect  for  a  few  moments  and  allow  the  foetid  dots  and 
contents  of  the  vagina  and  uterus  to  escape,  and  our  disease  is 
gone,  defevrescence  is  the  work  of  but  a  few  hours,  and  the 
patient  is  cured.  It  is  a  poisoning,  not  an  infection.  In  the 
blood  we  find  a  few  organisms  of  the  bacterium  shape,  the  urine 
shows  a  number  of  long  organisms  with  the  characters  of  bacillus, 
but  anything  like  a  blood  disease  does  not  exist,  there  is  but  an 
intoxication. 

Where  complicated  with  septicaemia,  as  in  most  cases  of 
foetid  abscess,  the  symptoms  are  a  mixture  of  the  two  diseases, 
but  the  great  alleviation,  the  improved  colour,  the  diminished 
perspiration,  the  relief  of  the  aching  or  oppressed  head,  and  the 
return  of  the  appetite  that  follow  the  issue  of  the  stinking  pus, 
point  to  the  saprsemia  induced  by  it  being  a  condition  per  se,  and 
the  patient  seems  on  the  way  to  convalescence  and  health  when 
it  has  been  removed.  Very  often,  however,  the  symptoms  of 
septicaemia,  that  were  little  noticed  in  the  presence  of  those  of 
saprsemia,  gradually  come  to  the  front,  the  improvement  may 
be  but  temporary,  and  the  patient  may  die  after  alL 

In  saprsemia,  whether  natural  or  produced  experimentally, 
the  sapro-micro-organisms  that  enter  the  blood  are  evidently  too 
weak  to  overcome  its  vitality,  for  they  do  not  show  much  evi- 
dence of  being  alive ;  they  do  not  survive  and  cause  putrefaction 
in  .the  cavities  or  fluids,  normal  or  pathological,  into  which  it 
may  convey  them ;  they  are  probably  consumed  by  the  leucocytes, 
or  in  some  other  manner,  for  the  urine  in  this  disease,  although 
it  usually  contains  forms  of  bacilli  alive  and  growing,  that  have 
passed  into  the  system  coincidently  with  the  sapro-micro-organ« 
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isms,  shows  no  trace  of  putrefaction  nor  of  the  forms  of  bacteria 
that  produce  it. 

The  sapro-micro-organisms  are  probably  enfeebled  or  killed 
through  their  removal  from  the  oxygen  of  the  air,  which  is 
necessary  for  the  full  exhibition  of  their  decomposing  energies. 
I  have  already  pointed  out  that  bacteria  grow  best  on  the  sur- 
faces of  liquids,  where  they  form  thick  turfs  in  contact  with  the 
air,  while  at  the  bottom  of  the  fluid,  in  deep  jars,  they  are  either 
dead  or  comparatively  inactive.  In  such  a  state  they  are  found 
in  the  blood  in  saprsBmia,  and  are  doubtless  killed  where  the 
individual  is  in  any  save  the  most  enfeebled  condition,  although 
the  early  onset  of  decomposition,  commencing  ere  life  is  extinct, 
that  we  find  in  those  who  die  from  septic  processes,  as  well  as 
the  tact  that  when  they  are  injected  into  a  very  weakly  and 
ailing  animal,  such  as  one  dying  of  diarrhoea  or  other  enfeebling 
disease,  they  may  be  found  alive  and  growing  in  the  blood  at 
the  moment  of  death,  point  to  the  probability  of  the  entrance 
into  and  growth  within  the  system  of  sapro-micro-organisms 
even  before  life  has  become  extinct  in  all  forms  of  fatal  en- 
feebling disease. 

Septicemia,  Pyemia,  and  Septico-Py^emu. 

It  will  conduce  to  clearness  and  brevity  at  once  to  state  that 
every  fact  that  I  have  been  able  to  observe  regarding  these . 
diseases  points  to  their  being  one  and  the  same,  and  to  their  sole 
and  invariable  cause  being  micrococcus  poiswvmg. 

Micrococcus  is  met  with  in  two  distinct  forms,  chains  and 
groups.  They  are  often  found  together,  yet  the  two  are  different, 
and  the  chain  form  does  not  pass  into  the  grouped  form,  nor  the 
grouped  into  the  chain  form.  Throughout  this  paper  the  term 
micTo&)ecuA  is  used  as  embracing  both  forms ;  the  chain  coccus  is 
often  called  streptococcus  (Billroth),  and  I  shall  call  the  grouped 
form  sUtphylococcus  (from  (rrcufniki],  a  bunch  of  grapes). 

Micrococcus,  which,  when  limited  in  its  extent  and  activity, 
causes  acute  suppurative  inflammation  (phlegmon),  produces, 
when  more  extensive  and  intense  in  its  action  on  the  human 
system,  the  most  virulent  forms  of  septicsBinia  and  pyaemia,  as 
well  as  many  forms  intermediate  between  the  two  extremes. 

The  connection  between  suppuration  and  blood-poisoning  is 
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no  new  idea ;  the  very  name  pycemia  was  conferred  as  implying 
the  relationship ;  and  the  title  of  ''  purulent  infection,"  though 
little  used  in  English  or  German  literature,  is  still  the  favoured 
term  for  the  disease  among  the  French  clinicians.  Nor  is  the 
idea  of  septico-pysemia  being  equivalent  to  micrococcus-poisoning 
new,  it  has  constantly  been  cropping  up  in  various  forms.^ 

Although  at  first  it  be  somewhat  repugnant  to  existing  notions 
to  consider  acute  inflammation  but  a  slighter  form  of  pyssmia, 
very  little  reflection  will  show  that  the  statement  is  by  no 
means  a  strange  one.  The  common  acute  abscesses  with  which 
we  are  all  so  familiar  are  attended  with  febrile  conditions  not 
very  unlike  the  fever  of  blood-poisoning,  and  the  circumstances 
under  which  they  occur,  such,  for  instance,  as  in  women  shortly 
after  childbed,  are  the  very  times  when  we  also  meet  with  the 
graver  disease.  Not  only  so,  but  acute  inflammation,  such  as 
pneumonia,  are  very  apt  to  end  in  blood-poisoning,  and  in  the 
old  and  enfeebled,  where  this  is  naturally  most  usual,  a  separate 
clinical  form  where  this  is  the  role  has  been  described  and 
rendered  classical  by  Trousseau.^  Acute  inflammations  of  the 
peritoneum  are  closely  connected  with  septicaemia,  and  acute 
suppurative  inflammations  of  joints,  as  in  urethral  rheumatism, 
bring  us  a  step  nearer  to  pure  blood-poisoning.  Between  an 
acute  inflammation  (whitlow)  and  a  poisoned  wound  of  the  hand, 
there  is  no  possibility  of  drawing  a  valid  distinction,  for  not  only 
do  intermediate  forms  occur,  but  the  one  usually  or  frequently 
passes  into  the  other.  There  is  in  reality  no  distinction  between 
the  erysipelatous  blush  surrounding  an  acute  abscess  in  its 
angriest  stage,  the  erysipelatoid  infiltration  that  is  common 
around  the  wounds  of  the  septicsemic,  and  the  phlegmonous 
erysipelas  that  is  so  often  fatal  from  blood-poisoning.  Acute 
suppurative  inflammations  of  the  arachnoid  and  pleura  never 
occur  save  as  part  of  a  process  of  blood-poisoning ;  a  suppurating 
ear  needs  but  to  extend  itself  to  the  bone  and  the  lateral  sinus 
(or  brain),  and,  with  no  other  change  than  that  of  site,  has 
become  a  fatal  septicsemic  malady.    Suppurations  under  the 

^  Cocoo-bacteria  septica,  by  Bilboth,  1874  ;  abo  Cocco-bacteria  aeptica,  by 
Billroth  and  Ehrlich,  1877,  Arch,  /.  Klin,  Chir,,  vol.  xx.  p.  408 ;  and  else- 
where. 

3  OHniqm  M6dicale,  ed.  2,  vol.  I  p.  747. 
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scalp  and  in  the  diploe  are  dreaded  chiefly  owing  to  their  inti- 
mate connection  with  septicaemic  conditions;  parotid  abscess 
and  acute  snpporations  in  the  glands  of  the  neck  are  also  almost 
synonjmons  with  pycemia.    A  quinsy  runs  its  course  with 
feverish  sjnnptoms  that  are  of  the  same  nature ;  necrosis  of  the 
jawB  is  always  accompanied  by  septicsemia,  as  are  also  all  acute 
suppurations  of  the  thyroid  gland.    All  acute  abscesses  about 
the  thorax  and  abdomen,  such  as  hepatic  abscess,  abscesses  of 
the  abdominal  wall  and  around  the  csBcum,  are  of  the  septicfiemic 
type ;  splenic  and  hepatic  abscesses,  renal  abscesses,  and  miliary 
abscesses  in  these  viscera  and  the  heart,  are  all  common  condi- 
tions in  pysemia.    Abscesses  in  the  glands  of  the  extremities, 
and  among  their  soft  parts,  are  always  connected  with  septic 
or  erysipelatous  processes;  while  to  name  acute    suppurative 
inflammations  in  bones  or  joints  is  but  to  name  maladies  whose 
whole  appearance  is  that  of  blood-poisoning.    It  would  be  hard 
to  find  an  acute  suppuration  anywhere  where  general  symptoms 
of  blood-poisoning  may  not  be  a  prominent  feature. 
-  Since  at  all  hands  evidence  is  abundant  that  acute  suppur- 
ative   inflammation   is    closely  allied    to    blood-poisoning,  «o 
closely  that  in  any  given  case  we  have  only  to  imagine  it 
indefinitely  increased  to  see  that  it  must  eventuate  in  the  latter 
disease,  the  fact  that  nature  shows  so  great  a  difierence  between 
the  milder  and  the  graver  forms  must  not  be  allowed  to  blind 
us  into  the  rejection  of  what  can,  I  think,  be  shown  to  be  an 
indubitable  truth,  and  capable  of  being  in  all  points  rationally 
explained.    There  is  nothing  surprising  or  unexampled  in  mild 
cases  of  disease  of  the  bacteric  (zymotic)  type,  being  very  unlike 
their  severe  forms,  and  as  examples  may  be  quoted  the  instances 
of  a  mild  attack  of  typhoid  fever  where  a  little  feverishness  and 
diarrhoea  is  almost  all  that  is  observed,  and  the  virulent  forms  of 
the  same  where  the  patient  may  be  even  struck  down  comatose, 
like  one  in  apoplexy,  and  die  in  stupor  ere  any  of  the  usual 
appearances  occur;  or  a  mild  attack  of  vesicular  smallpox,  as 
compared  with  a  bad  hsemorrhagic  case  where  death  occurs  ere 
the  eruption  appears.    It  must  be  admitted  that  the  difference 
between  acute  suppurative  inflammation  and  septicaemia  is  not 
an  unparalleled  phenomenon,  if  it  be  the  case  that  they  are 
forms  of  one  and  the  same  disease. 
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Already,  in  an  earlier  part  of  this  report,  the  theory  has  been 
developed  that  what  we  call  inflammation  is  but  a  form  of 
reaction,  a  perversion  of  the  process  of  growth,  which  the  tissues 
and  the  structures  of  the  body  present  when  injured  by  anything 
capable  of  damaging  them,  each  irritating  cause  having  its  own 
specific  reaction  recognisable  by  the  form  of  inflammation  it 
presents,  and  that  the  characteristic  reaction  of  micrococcus  is 
acute  suppurative  inflammation  (phlegmon). 

I  have  also  suggested  that  the  term  septicaemia  is  a  misleading 
one,  as  in  no  case  is  the  blood  the  focus  of  disease,  but  that  this 
is  to  be  found  in  the  tissues,  whence  the  ptomaines  of  the 
disease  pass  into  the  circulation  to  act  as  poisons  or  intoxicants, 
and  separate  individuals  or  small  groups  of  the  micro-organisms 
are  conveyed  by  this  fluid  into  other  situations  so  as  to  repro- 
duce among  other  tissues  the  disease  of  the  parent  focus.  The 
term  micrococcus  poisoning,  which  does  not  include  the  idea  of 
an  essential  blood-disease,  would  be  in  some  respects  a  more  suit- 
able name  than  pyaemia  or  septicaemia.  But  to  designate  the 
more  severe  forms  of  micrococcus  poisoning,  and  the  conditions 
in  which  we  infer  from  the  symptoms  that  the  system  generally 
is  becoming  poisoned,  I  shall  still  retain  the  term  septicaemia  as 
a  name,  although  refusing  to  agree  with  the  belief  that  the  con- 
dition implied  by  it  really  is  an  infection  of  the  blood  per  se. 
Where  the  term  septicaemia  would  mislead,  the  word  '*  ptomaine- 
poisoning  "  will  be  made  use  of. 

Phlegmon  or  Acute  SuppuRAxrvB  Inflammation. 

The  most  ready  means  of  studying  this  condition  is  to  observe 
the  results  of  injecting,  into  the  tissues  of  animals,  micrococcus 
as  it  exists  free  tvom  admixture  of  any  other  micro-organism,  in 
the  pus  of  an  acute  abscess.  Although  micrococcus  is  perhaps 
the  greatest  scourge  that  afflicts  the  human  race,  it  is  by  no 
means  so  pernicious  to  animals  when  injected,  and  some  species 
are  considerably  less  easily  afiected  by  it  than  others.  Guinea- 
pigs  are,  I  think,  decidedly  less  sensitive  than  mice. 

If  two  minims  of  the  pus  be  injected  under  the  skin  of  a 
mouse's  back,  the  animal,  on  awakening  from  the  chloroform, 
withdraws  into  its  nest,  where  it  .remains  for  a  few  hours  in  a 
state  of  listlessness,  probably  due  to  the  anaesthetic.    It  makes 
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its  nsnal  journejrs  to  its  food,  and  appears  Id  a  fair  way  to 
recovery,  when,  after  the  lapse  of  five  or  six  hours,  there  com- 
mences a  condition,  well  described  by  Koch,  and  characteristic 
of  blood-poisoning.  It  leaves  its  nest,  sits  in  the  open  air  in  a 
comer  of  its  cage,  its  hair  is  disordered,  its  eyes  glued  together, 
it  neither  eats  nor  drinks,  nor  does  it  attend  to  sounds  or  im- 
pressions that  used  formerly  to  attract  or  terrify  it. 

This  condition  may  end  in  several  ways.  It  frequently  occurs 
that  at  the  site  of  injection,  at  the  end  of  a  day  or  two,  a  hard 
tiiickening  is  felt,  extending  and  becoming  more  elevated,  until 
fluctoation  can  be  detected  at  its  centre,  and  the  process  results 
in  the  formation  of  an  acute  abscess.  When  this  occurs  the 
general  symptoms  become  less  severe  in  proportion  as  the  local 
symptoms  grow  more  marked,  so  that,  by  the  end  of  five  or  seven 
days,  the  former  have  generally  disappeared,  and  the  animal  is 
again  eating,  and  as  lively  and  active  as  ever,  although  it  bears 
on  its  body  a  small  well-marked  abscess  at  the  spot  where  the 
micrococci  had  been  injected. 

If  the  animal  be  killed  during  the  first  few  days,  when  the 
general  symptoms  are  well-marked,  there  is  found  locally  a  red 
knot  with  a  yellowish  spot  in  its  centre,  and  when  the  knot  is 
bisected  the  hard  red  circumference  and  yellow  centre  present 
a  picture  very  like  that  which  we  observe  during  the  spreading 
of  a  soft  chancre.    The  centre  seems  to  be  softening  or  liquefy- 
ing into  purulent  matter,  and  the  margin  is  thick  and  infiltrated 
around  the  liquefying  edge.    A  cross  section  of  the  edge  shows 
the  presence  there  of  dense  clouds  of  micrococci,  which,  when 
the  ordinary  grouped  form  of  coccus  (staphylococcus)  has  been 
injected,  are  working  their  work  of  invasion  in  rounded  masses, 
like  clouds  of  dense  smoke,  that  can  when  properly  tinted  be 
seen  to  be  swallowing  up  the  tissues  by  uniform  peripheral 
invasion,  the  tissues  a  little  way  beyond  them  being  rendered 
waxy  and  homogeneous,  so  that  cell,  nucleus,  and  intercellular 
subetance  are  no  longer  so  distinct  as  usual ;  and  this  halo  of 
altered  tissue  apparently  the  result  of  the  irritant  caustic  pro- 
ducts of  growth  acts  as  an  advanced  guard  to  the  clouds  of 
staphylococci  tiiat  follow  and  destroy  all  semblance  of  structure 
in  the  tissues,  ere  the  latter  finally  deliquesce  in  their  rear  into 
a  purulent  fluid. 
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If  the  coccus  injected  has  been  the  chain  form  (streptococcus) 
the  process  is  a  little  different.  There  is  a  similar  central  break- 
ing down*  into  pus,  perhaps  not  so  rapid  in  its  advance,  and 
hence,  resembling  less  the  destructive  work  seen  in  a  soft 
chancre ;  there  is  a  like  waxiness  of  the  tissues  invaded,  but 
the  invasion  is  not  by  dense  clouds  that  destroy  all  trace  of 
structure,  but  by  the  insinuation  among  the  tissues  of  chains  of 
cocci  that  pervade  the  intercellular  substance  and  cellsy^forming 
a  network  of  lines,  between  which  may  be  seen  the  nuclei  of  the 
tissues.  The  invasion  is  more  like  the  enamel  on  **  crackle  ware  " 
china,  present  everywhere,  yet  permitting  the  pattern  of  the 
tissues  to  remain  distinct 

At  some  distance  around  these  foci  of  micrococcus  growth  the 
tissues  are  at  first  little  altered,  but  as  time  goes  on  they  show 
more  and  more  condensation  and  thickening,  the  elongated  cells 
tend  to  become  round  and  the  fibrous  intercellular  substance 
gelatinous,  the  tissues  pass  in  fact  into  embryonic  connective 
tissue  or  granulation  tissue,  and  a  layer  of  this  comes  in  time  to 
surround  the  knot. 

Before  it  has  formed  the  animal  suffers  from  septicaBmic 
symptoms,  and  in  its  blood  everywhere,  usually  to  be  found 
without  much  difficulty,  and  in  nearly  every  slide  of  blood,  exist 
numbers  of  micrococci,  single,  in  pairs,  or  in  a  small  group  or 
short  chain  of  three  or  four,  floating  in  the  serum  of  the  blood, 
and  presenting  no  special  affinity  for  the  blood  globules,  either 
red  or  white.  Now  and  then  a  group  of  micrococci  of  not 
inconsiderable  size,  contsdning  as  many  as  perhaps  fifty  indi* 
viduals,  is  to  be  met  with,  but  this  is  rare.  I  have  iseen  it 
only  once. 

The  eyelids  furnish  during  this  stage  a  purulent  discharge 
containing  micro-organisms,  and  among  them  numerous  micro- 
coccL 

As  the  granulation  wall  around  the  abscess  (which  is  evidently 
a  reactive  process  by  which  nature,  in  a  strong  animal,  limits 
what  would  otherwise  be  an  indefinite  disease)  begins  to  form, 
the  general  symptoms  tend  to  subside,  as  if  it  impeded  the 
passage  into  the  system  of  the  micro-organisms  and  their 
ptomaines.  When  once  the  wall  is  strong  and  thick,  the 
entrance  of  the  micrococci  is  arrested,  the  abscess  is  as  it  were 
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sequestrated  from  the  83^tem,  the  septicemic  symptoms  dis- 
appear as  already  described,  and  the  occurrence  of  a  micro- 
organism in  the  blood  becomes  a  matter  of  greater  and  greater 
rarity. 

But  it  does  not  invariably  occur  that  abscess  results.  In  some 
animals  that  seem  to  possess  unusual  immunity  or  powers  of 
resistance,  or  where  the  dose  has  been  a  small  one,  the  blood- 
poisoning  symptoms  begin  to  pass  ofif  in  a  day  or  two,  and  the 
local  induration  and  infiltration  never  reach  the  stage  of  sup- 
puration, but  fade  and  disappear,  ending  in  resoltUion  without 
any  further  evil  occurring.  In  some  cases,  on  the  other  hand, 
where  the  reverse  conditions  of  susceptibility  or  dose  obtain, 
more  severe  effects  are  produced,  as  will  be  afterwards  explained. 

It  will  be  seen,  in  the  former  report,  that  no  such  results 
follow  the  use  of  chronic  pus,  which  contains  no  organisms,  nor 
of  pus  where  these  have  been  destroyed  by  heat  or  carbolic  acid ; 
while  on  the  other  hand  the  micrococci,  if  removed  from  the  pus 
and  suitably  cultivated,  produce  the  same  results. 

This  process  of  acute  suppurative  inflammation  or  phlegmon 
finds  many  an  identity  in  man.  Without  dwelling  on  such  a 
disease  as  soft  chancre,  which  is  an  ulcer  full  of  micrococci  and 
other  germs,  but  whose  specific  oiganism  must  be  cultivated 
under  conditions  so  peculiar  that  the  disease  deserves  a  separate 
description  and  a  separate  study,  we  find  in  such  illnesses  as 
poisoned  wounds  of  the  fingers  and  hands,  so  common  among  the 
working  classes,  in  whitlows,  quinsies,  mammary  abscesses,  and 
common  acute  abscesses  generally,  a  state  of  matters  exactly  corre- 
sponding, save  that  we  have  to  hazard  a  guess  as  to  the  method 
of  inoculation,  being  unable  to  demonstrate  its  when  and  how. 
In  poisoned  wounds  of  the  hands  and  in  quinsies,  where  the 
inflamed  part  communicates  directly  with  surfaces  abounding  in 
germs  of  many  forms,  we  can  always  suppose,  and  in  many  cases 
more  than  suppose,  the  introduction  through  a  breach  of  surface 
of  some  extraneous  matter  that  may  convey  the  micrococci^ 

^  It  is  readily  conceivable  tliat  in  some  phlegmons,  sucli  as  qoindes,  a 
riMamatic  or  gouty  diathesis  may  primarily  cause  the  inflammation,  which  micro- 
eocd,  when  ingrafted,  may  drive  on  to  suppuration.  Here  the  diathesis  is  the 
first  cause,  and  the  micrococcus  the  cause  of  its  terminating  in  suppuration. 
Micrococci  may  modify  a  process  begun  by  another  cause,  but  they  also  cause 
inflammation  without  requiring  such  process  to  pre-exist. 

lOL.  XVU.  C 
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We  can  also,  in  deeper  lying  whitlows  about  the  fingers  and 
palm  of  the  hand,  arising  as  they  do  not  in  the  tendinous 
sheaths,  but  in  the  lymphatics  that  course  in  front  of  them  in 
their  passage  between  the  cutaneous  lymph  spaces  and  the 
absorbent  system  of  the  arm,  infer  from  their  situation  and 
connection  with  the  absorbent  system  their  causation  from  a 
surface  breach  or  surface  infection  that  may  have  been  over- 
looked, or  have  been  so  slight  as  to  be  undiscoverable.  Mam- 
mary abscesses  and  acute  pelvic  abscesses  can  be  traced  to  the 
existence  of  the  puerperal  condition,  and  the  favouring  source  of 
infection  in  the  uterine  and  vaginal  discharges  of  childbed  that 
render  frequent,  at  the  same  epoch,  various  other  diseases  whose 
septicaemic  relations  are  more  generally  recognised.  Common 
acute  abscesses  elsewhere  can  with  wonderful  frequency  be 
traced  to  some  local  source  of  septicity,  or  to  some  disease  more 
or  less  connected  with  blood-poisoning,  or  favouring  the  circula- 
tion of  dangerous  organisms  in  the  system,  such  as  fevers  of 
various  sorts,  diphtheria,  erysipelas,  or  ulcerative  processes  about 
lungs,  bowels,  or  other  viscera. 

But  if  it  be  difficult  to  trace  the  precise  mode  of  inoculation 
in  each  individual  case,  the  demonstration  of  their  connection 
with  micrococci  offers  but  little  difficulty  in  their  later  stages. 
In  each  pustule  or  abscess  the  evacuation  of  the  liquid  enables 
us,  with  unfailing  certainty,  to  recognise  the  presence  in  it  of 
immense  numbers  of  the^e  bodies,  amounting  to  hundreds  of 
thousands  or  even  millions  in  each  drop,  and  where  it  is  possible 
at  the  same  time  to  scrape  away  a  little  tissue  from  the  walls, 
we  find  in  the  early  stages  the  same  rich  invasion  of  micrococcus 
as  was  described  in  connection  with  animals.  We  have  also 
evidence  of  their  passing  into  the  system,  for  in  many  instances, 
especially  about  the  upper  extremity,  we  can  observe,  in  the 
implication  of  the  absorbents,  in  the  lymphangitis  or  lympha- 
denitis, the  inflammatory  reaction  that  shows  the  absorption  of 
some  irritating  matters,  probably  both  ptomaines  that  irritate 
the  walls  of  the  vessels  they  pass  through  and  micrococci  which 
traverse  without  lodging  in  the  vessels  to  be  retained  in  the  first 
lymphatic  gland  they  meet  with,  where  they  are  filtered  out  of 
the  blood,  and  develope  to  an  extent  dependent  on  their  viru- 
lence and  the  susceptibility  of  the  individual    When  their 
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growth  in  the  lymph  gland  goes  on  to  the  extent  of  snppnration^ 
we  are  in  a  position  to  verify  their  having  passed  from  the 
original  focns  into  it,  by  their  occurrence  in  large  numbers  in 
the  pus  which  is  removed  from  it. 

It  often  occurs  that  the  process  extends  no  further,  that  the 
lymph  gland  seems  to  be  the  limit  of  the  extent  to  which  the 
disease  penetrates  the  individual,  as  if  the  ptomaines  and 
micrococci  passed  no  further,  or  only  in  so  dilute  a  fonn  that 
they  neither  cause  general  disturbances  nor  can  be  demonstrated 
in  the  blood.  But  this  is  by  no  means  always  the  case.  It 
often  happens  that  sufficient  of  the  germs  and  their  products 
pass  the  lymph  barrier  to  give  rise  to  ptomaane-poisoning  of  the 
whole  system,  revealed  by  fever,  shivering,  rise  of  temperature 
and  other  general  disorders,  while  the  micrococci  can  be  found 
in  the  blood  by  examination  of  a  series  of  slides  prepared  from 
it,  numerous  enough  to  enable  us  to  investigate  a  sufficient 
quantity.  Where  the  fever  runs  high  and  the  symptoms  indi- 
cate that  absorption  is  abundant,  every  slide  of  blood  may  prove 
tiie  presence  of  micrococci,  while  in  less  severe  cases  several 
slides,  four  or  six,  or  it  may  be  ten  or  twelve,  may  be  gone 
through  ere  a  micrococcus  is  found.  With  diminution  of  in- 
tensity their  demonstration  becomes  more  difficult,  until  in  the 
mildest  cases  it  is  well-nigh  an  impossibility.  The  number  of 
micrococci  in  the  general  circulation  is  in  proportion  to  the 
severity  of  the  disease.  So  also  the  numbers  of  micrococci  in 
Uie  pus  are  in  proportion  to  the  virulence  and  intensity  of  the 
inflammation.  In  acute  abscesses  of  the  connective  tissues,  we 
are  less  in  a  position  to  trace  the  exact  course  by  which  the 
micrococci  and  their  ptomaines  enter  the  system  generally;  but 
we  observe  the  same  fever  and  general  symptoms  due  to  their 
presence,  and  they  are  also  to  be  found  present  in  the  blood  in 
a  proportion  that  corresponds  accurately  enough  with  the  evi- 
dences of  their  generalisation  that  we  can  obtain  from  the  signs 
at  our  disposal 

The  completion  of  a  well-formed  demarcating  wall  of  granula- 
tion tissue  around  the  abscess  coincides  as  a  rule  with  the 
disappearance  of  the  general  symptoms  in  the  individual  and  of 
demoitftrable  micro-organisms  in  the  blood.  Both  in  man  and 
in  animals  the  production  of  this  wall  puts  an  end  to  the  pro- 
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gress  of  the  local  invasion.  The  interior  of  the  wall  of  a  ripe 
abscess  presents  no  clouds  of  invading  cocci,  but  shows  only  a 
few,  and  these  growing  but  feeblj  among  the  cells  on  the  inner- 
most layer  of  the  walL  Their  race  is  run  so  far  as  that  locality 
is  concerned,  and  even  among  the  pus  of  the  cavity  they  no 
longer  multiply  with  their  pristine  energy,  but  become  more  and 
more  diluted  by  the  liquid  that  collects  under  the  influence  of 
the  tension  in  the  cavity,  so  that  their  numbers  lessen  con- 
siderably in  relation  to  the  quantity  of  liquid.  The  streptococcus, 
under  these  circumstances,  runs  a  course  similar  to  the  staphylo- 
coccus, save  that  in  ripe  abscesses  due  to  the  former  there  are 
frequently  found  chains  truly  enormous  in  length,  where  the 
individuals  can  be  counted  by  several  hundreds  in  a  row. 

There  is  another  quarter  whence  we  obtain  evidence  that  micro- 
cocci are  circulating  in  the  system  in  these  cases,  and  that  is  from 
examination  of  the  urine.  Normal  urine  contains  no  organisms, 
but  in  the  feverish  conditions  resulting  from  phlegmons  the  urine 
frequently  presents  micrococci,  often  along  with  bacilli,  in  masses 
and  groups,  indicative  of  their  having  grown  after  escaping  from 
the  kidney. 

Acute  Suppukative  Catarrh. 

It  is  not  so  easy  to  demonstrate  the  casual  connection  between 
catarrhs  and  micro-organisms,  as  they  necessarily  occur  in 
situations  where  communication  with  the  surface  of  the  body 
is  free,  and  where  therefore  organisms  may  normally  be  found. 
But  in  every  such  catarrh,  as  gonorrhoea  and  purulent  ophthal- 
mia, the  discharge  is  very  rich  in  various  forms  of  micro-organ- 
isms, far  richer  than  could  possibly  be  supposed  to  be  the  case 
had  they  no  connection  with  the  disease,  and  among  these 
organisms  micrococcus  holds  an  important  place.  It  is  very 
abundant  from  the  beginning,  and  as  the  disease  diminishes  in 
intensity,  and  the  other  forms  become  less  copious  among  the 
discharge,  the  epitheUal  scales  that  are  cast  off  are  inhabited  by 
large  numbers  of  micrococci,  as  if  the  disease  had  been  caused 
by  their  spreading  among  the  cells  forming  the  lining  of  the 
canaL  When  the  disease  approaches  cure,  the  inhabited  cells 
diminish  in  number,  but  they,  as  well  as  micrococci  free  among 
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the  discharge,  persist  until  the  end,  and  disappear  only  with 
complete  cure. 

I  have  no  experiences  to  detail  regarding  purulent  catarrhs 
indaced  and  studied  in  animals.  All  the  observations  made 
were  in  man,  and  these  have  resulted  in  the  belief  that  they  are 
due  to  a  superficial  dermatitis,  of  the  nature  of  catarrh  of  the 
epithelial  layer,  from  a  growth  in  that  layer  of  micro-organisms, 
in  all  probability  micrococcL  I  have  made  no  observations  on 
the  blood  in  these  cases,  and  cannot  tell  whether  it  usually 
contains  micro-organisms. 

Sloughing  Inflammation  or  Inflammatory  Mortihcation. 

Necrosis  of  the  soft  parts  from  acute  inflammation  can  be 
induced  in  animals,  and  ofTers  an  excellent  illustration  of  a 
disease  standing  midway  between  septicadmia  and  acute  inflam- 
mation, presenting  the  features  of  both. 

Owing  to  the  micrococcus  in  human  diseases  being  less  potent 
in  the  lower  animals  than  in  man,  it  is  not  easy,  as  in  abscess, 
to  produce  necrosis  at  will,  but  it  now  and  then  occurs,  especially 
in  mice,  that  amoug  a  series  of  inoculations,  either  from  peculi- 
arities of  the  animals  or  the  poison  introduced,  a  good  example 
of  inflammatory  necrosis  of  the  tissues  is  obtained  for  study. 

In  these  cases,  when  a  minim  or  two  of  pus  has  been  injected, 
there  occurs,  instead  of  the  infiltration  ending  in  abscess,  a  more 
intense  inflammatory  process  in  which  the  tissues  are  so  damaged 
in  their  vitality  that  they  necrose  almost  at  onoe,  and  ere  they 
have  had  time  to  show  the  usual  phenomena  of  inflamma- 
tion and  abscess  formation.  The  sloughing  occurs  within  the 
fijst  two  or  three  days,  during  which  time  the  animal  has  shown 
the  usual  signs  of  septicaemia,  and  its  blood  presents,  if  examined, 
tiie  usual  admixture  of  micrococcL  If  the  necrosed  tissues  be 
^camined  they  are  found  full  of  stripes,  bands,  and  laiger 
masses  of  staphylococci,  that  occupy  the  soft  parts,  pervade 
ihem  everywhere,  and  seem  to  afifbct  mostly  the  connective 
tissues  of  the  part,  although  they  may  also  be  seen  in  the  lym- 
phatic spaces,  forming  large  spongy  tufts  in  the  midst  of  the 
coagula  by  which  these  vessels  are  obstructed.  But  the  type  of 
the  disease,  in  the  specimens  I  have  examined,  has  been  a  dense 
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infiUration  of  the  tissues  by  the  staphylococcus  in  bands  and 
masses  resembling  somewhat  densely  veined  marble  or  the  clouds 
in  a  windy  sky. 

AniTTiftlR  rarely  die  with  this  form,  owing,  I  presume,  to  their 
natural  resistance  to  the  organism  that  produces  it,  so  that  it  has 
occurred  to  me  to  study  its  fatal  issue  only  in  man.  In  mice 
the  disease  generally  terminates  in  a  limitation  of  the  sloughing 
process  within  the  first  five  days,  and  in  a  rapid  separation  of  the 
necrosed  tissues,  with  disappearance  of  the  general  septic  condi- 
tion. The  necrosis  affects  only  limited  portions,  patches  of  skin 
and  subcutaneous  tissue,  and  does  not  penetrate  deeply,  or  affect 
entire  limbs.  So  soon  as  the  necrosis  limits  itself,  the  surround- 
ing tissues  exert  themselves  to  isolate  it  by  the  formation  of  a 
wall  of  granulations,  which  bring  about  its  detachment,  and  act, 
as  formerly  described,  as  a  hindrance  to  the  passage  of  the 
ptomaines  or  of  individual  cocci  into  the  system  at  large,  so  that 
the  animal  soon  ceases  to  present  evidence  of  either  of  these 
occurring,  and  is  afebrile  and  healthy  by  the  time  the  slough 
has  separated  The  ulcer  remaining  at  the  spot  is  speedily  filled 
up  by  granulation  and  cicatrisation. 

It  is  in  man  that  this  disease  is  oftenest  seen  in  full  perfec- 
tion, and  it  presents  the  following  picture  in  a  more  or  less 
intense  d^ree.  Starting  from  some  cut  or  scratch  that  is  gene- 
rally to  be  distinctly  made  out,  and  affecting  usually  an  upper 
extremity,  a  spreading  inflammation,  in  which  the  surface  der- 
matitis is  the  most  evident,  but  where  the  deeper  parts  are  also 
swelled  and  phlegmonous,  so  that  the  disease  possesses  a  certain 
likeness  to  erysipelas,  extends  from  its  point  of  origin  among  the 
soft  parts,  binding  them  into  a  swollen  and  brawny  mass,  over 
which  the  epidermis  is  tight  and  glistening,  or  even  blistered 
here  and  there  from  tension,  showing  a  series  of  smallish  vesicles. 
These,  at  first  discrete,  speedily  flow  together  into  larger  patches. 
Though  in  less  intense  forms  vesication  may  not  occur,  the  sub- 
sequent desquamation  shows  that  the  epidermis  has  sympathised 
with  the  inflammation. 

The  pain,  burning  in  its  nature,  at  first  local,  but  rapidly 
extending,  and  the  elevated  temperature  of  the  part,  raise  in  the 
minds  of  even  the  laity  the  suspicion  of  a  poisonous  matter 
having  found  its  way  into  the  limb ;  and  this  is  heightened  by 
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the  inyolvement  of  the  lymphatic  system,  shown  by  pain,  ten- 
derness, enlargement  and  induration  in  the  cubital  gland  or  the 
abeorbent  glands  of  the  axilla,  accompanied  occasionally,  but  by 
no  means  frequently,  with  tenderness  and  induration,  or  even 
redness,  along  the  line  of  the  lymphatic  vessels  leading  to  them. 

The  penetration  of  ptomaines  into  the  general  system  is  shown 
by  the  vomiting,  malaise,  and  fevenshness  that  are  usually  pre- 
sent at  an  early  stage. 

The  process  does  not  present  the  raised  edge  of  erysipelas. 

As  the  disease  advances,  oedematous  swelling  precedes  it  in 
its  advance  up  the  arm,  and  before  the  elbow  is  reached  the 
parts  of  the  hand  earliest  invaded  have  gone  on  to  abscess  in  the 
milder,  and  gangrene  (necrosis)  in  the  severer  forms. 

When  necrosis  results,  it  affects  entire  fingers  or  the  whole 
hand,  which  become  purple  and  finally  black  in  colour,  the 
general  condition  becoming  greatly  aggravated,  with  anorexia, 
foul  tongue,  sweating,  flushed  face,  hot  skin,  and  symptoms  of 
collapse,  the  intellect  remaining  clear  until  the  end 

Should  death  not  occur,  extensive  suppuration  in  the  limb, 
with  separation  of  sloughs  of  the  connective  structures  and  of 
the  necrosed  fingers  or  hand,  follows ;  and  it  is  not  unusual  for 
the  lymphatic  glands  of  axilla  or  arm  to  suppurate  as  welL 

Microecopically,  this  disease  is  identical  with  the  necrosis  just 
described  in  animals.  The  soft  parts  are  invaded  with  bands 
and  colonies  of  the  staphylococcus  scattered  everywhere  among 
the  connective  structures,  so  as  to  resemble  the  markings  on 
marble  or  on  pitch-pine  wood.  The  fluids  in  the  vesicles  if 
opened  at  an  early  stage,  show  no  micrococci ;  they  are  due  to 
mere  tension ;  but  later  on  they,  as  in  all  the  liquids  of  the  part, 
present  themselves  in  great  abundance. 

The  blood  of  the  body  shows  micrococci  isolated,  paired,  or 
in  very  small  clusters,  and  the  number  found  is  fairly  propor- 
tionate to  the  intensity  of  the  disease.  In  mild  attacks  tiiey 
may  be  so  few  as  to  be  discovered  with  diflBculty,  but  they  are 
easily  found  where  it  is  severe ;  and  in  the  urine  they  are  usually 
present,  along  with  a  few  other  organisms,  such  as  bacteria  and 
bacilli,  where  the  general  symptoms  are  at  all  pronounced. 

This  disease,  whose  dependence  on  micrococcus  poisoning  can 
be  followed  and  demonstrated  on  parts  removed  during  life  as 
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well  as  after  death,  offers  one  of  the  best  instances  I  know  of 
the  difficulty,  or  even  impossibility,  of  demonstrating  its  cause 
by  the  older  and  less  perfect  methods.  By  dry  lenses  and 
water-immersions  I  have  sometimes  observed  nothing,  in  the 
sections  of  the  soft  parts,  that  could  account  for  its  existence. 
Even  by  the  application  of  Koch's  processes,  viz.,  the  methyl- 
aniline  staining,  the  oil -immersion  lenses,  and  the  Abba's  illu- 
mination, it  has  often  chanced  that  nothing  was  at  first  seen  in 
the  soft  parts;  so  that  more  than  once  the  investigation  was 
about  to  be  given  over  in  despair,  when  the  use  of  some  other 
staining,  notably  of  the  aniline  Bismarck-brown,  has  revealed  Ihe 
most  exquisite  and  universal  groups  of  staphylococci,  as  unlike 
any  other  structures  as  could  well  be  conceived,  pervading  the 
flesh  like  mathematically-arrayed  fish-roe  or  the  cells  of  a  honey- 
comb. 

The  older  methods  gave  negative  or  contradictory  results, 
while  Koch's  processes  have  always  eventtLolly  yielded  ample 
prooL  As  far  as  I  have  tried  Weigert's  gentian  violet  in  this 
disease,  it  has  never  failed  to  give  brilliant  results. 

In  this  disease  the  tendency  to  localisation  of  micrococcus  is 
a  marked  feature.  Although  they  exist  everywhere  in  the 
tissues,  they  are  seen  only  in  close-packed  colonies  separated  by 
intervals  of  uninvaded  tissue,  'cohering  into  colonies  with  great 
tenacity.  They  do  not  transude  into  the  serum  of  the  blisters 
until  a  comparatively  late  stage  has  been  reached,  and  their 
behaviour  produces  the  strong  belief  that,  though  they  poison 
the  system,  they  do  so  £ar  more  by  sending  their  ptomiunes 
profusely  into  it,  than  by  infecting  it  by  detached  members  of 
their  community.  Septicemia,  as  we  are  wont  to  call  it,  is 
present,  but  it  is  plainly  more  a  process  of  ptomaine-poisoning 
than  a  growth  of  micro-organisms  in  the  blood. 

Erysipelatoid  Disease. 

Under  all  forms  of  wound  treatment  there  appear  slight  and 
evanescent  forms  of  erysipelas,  concerning  which  we  are  in 
doubt  whether  they  are  the  same  disease  as  the  typical  erysipelas 
migrans  of  the  head  and  face.  They  commence  with  chills  or 
rigors,  generally  associated  with  vomiting,  and  the  absorbent 
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glands  into  which  the  lymphatics  of  the  invaded  part  drain  are 
swelled  and  tender.  They  often  want  the  spreading  margin,  and 
are  so  evanescent  that  it  rarely  happens  that  the  term  migraria 
can  with  propriety  be  given  them.  I  have  had  no  adequate 
opportunity  of  investigating  the  pathology  of  these  forms,  my 
observations  having  been  mostly  made  on  a  more  serious  form 
which,  for  distinction,  I  shall  call  Hrysipdatoid  Wound  OaTtgrens, 
using  the  word  gangrene  as  if  it  were  synonymous  with 
necrosis. 

It  sometimes  chances  that,  in  an  individual  whose  constitution 
has  been  enfeebled  by  organic  disease  or  prolonged  suppuration, 
there  occurs,  around  a  wound  accidentally  received  or  resulting 
from  some  operation,  a  low  septic  inflammation,  unmarked  by 
much  pain  or  heat,  the  foulness  of  the  wound,  the  white  painless 
oedema  in  its  neighbourhood,  the  feeble  pulse,  the  failing 
f^petite,  and  the  rise  of  temperature,  chiefly  calling  our  atten- 
tion to  the  process  that  is  present.  The  appetite  and  digestion 
are  more  enfeebled  than  impaired ;  the  tongue,  although  white, 
is  not  foul ;  and  the  intellect  is  entirely  unaffected. 

Around  the  wound  appears  a  redness — I  had  almost  said  a 
blush  of  redness,  but  it  is  no  blush  but  rather  brick-dust  red — 
which  extends  for  a  considerable  distance  into  the  oedematous 
neighbourhood,  and  is  marbled  and  mottled  so  that  bands  of  pale 
bfick-red  cobur  embrace  islands  of  white.  The  disease  has  no 
distinct  edge,  but  presents  itself  in  the  form  of  patches  of  the 
size  of  the  palm  of  the  hand  or  less,  which  here  and  there, 
becoming  livid  or  violet  in  hue,  with  detached  epidermis  and 
flaccid  blisters  containing  bloody  fluid,  show  the  commencement 
of  gangrene.  That  this  disease  is  erysipelatoid  in  its  nature 
cannot  be  doubted ;  the  dirty  wound  with  its  gruelly  discharge, 
the  mottled  red  invasion  of  tiie  living  skin  causing  oedema  in  it 
and  the  subcutaneous  tissue,  spreading  insidiously  where  life  is, 
yet  surely  presaging  the  death  of  the  parts  it  affects,  mark  a 
disease  that  the  experienced  eye  finds  no  difficulty  in  recognising 
as  related  to  erysipelas.  It  runs  its  stealthy  course  so  secretly 
that  patches  of  evident  gangrene  surprise  one  unexpectedly  every 
here  and  there. 

This  disease,  not  uncommon  in  bad  compound  fractures,  is,  I 
beheve,  the  most  virulent  and  characteristic  form  of  poisoning 
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iy  streptococcus.  Although  I  have  not  had  enough  erysipelas 
material  at  my  disposal  to  enable  me  to  speak  with  confidence, 
yet  I  am  inclined  to  the  belief  that  it  will  be  found  that  ery- 
sipelas and  erysipelatoid  diseases  are  all  due  to  streptococcus, 
never  to  staphylococcus ;  and  that  this  that  has  just  been  de- 
scribed, the  most  intense  and  fatal  form  of  erysipelas,  is  a  type 
of  the  whole  class. 

On  examining  the  pus  or  gromous  discharge  that  escapes  from 
the  wound,  it  is  found  to  be  extremely  rich  in  various  forms  of 
micro-organisms,  but  especially  to  present  the  streptococcus  in 
unusual  profusion.  In  most  wound-discharges  streptococcus  is 
by  no  means  a  prominent  object,  is  indeed  seldom  present,  but 
here  it  strikes  the  eye  at  once,  chains  of  two  to  ten  links 
lying  everywhere  scattered  about  in  active  growth,  as  their 
divisions  testify. 

In  the  skin  and  subcutaneous  tissue  around  the  wound,  where- 
ever  the  mottled  redness  exists,  the  microscopical  appearances 
difier  greatly  from  those  described  under  the  last  disease.  The 
tissues  are  not  pervaded  with  the  same  clouds  of  micrococcus. 
Patches  of  tissue  where  cocci  are  proliferating  occur  only  here 
and  there,  and  have  to  be  sought  out  with  some  cara  Where 
they  do  exist  they  do  not  present  the  marbled  bands  and  patches 
of  the  last  disease,  but  fields  of  tissue  with  cells  and  nuclei 
comparatively  little  altered,  show  chains  and  dusters  of  the 
chain  coccus  insinuating  themselves  among  the  crevices,  winding 
here  and  there,  and  tending  little  to  form  groups,  giving  to  the 
tissues  the  appearance  of  being  pervaded  by  fine  thread-like 
necklaces  of  the  micro-organism. 

In  the  blood-vessels  of  the  part  there  are  occasionally  to  be 
found,  generally  in  connection  with  the  tunica  intima,  a  few 
groups  of  the  chain  coccus ;  but  as  a  rule  the  blood-vessels  are 
exempt  from  serious  participation  in  the  disease.  This,  on  the 
contrary,  ceTvtres  in  the  lymphatic  vessels  of  the  part  Every  one 
of  these  is  choked  by  a  firm  thrombus  formed  of  fibrinous 
material  with  fibres  interlacing  in  all  directions,  and  containing 
entangled  leucocytes;  while  the  clot,  that  in  the  process  of 
preparing  the  sections,  has  been  so  acted  on  by  the  reagents  as 
to  have  shrunk  and  become  detached  from  the  vessel's  wall,  is 
pervaded  with  immense  groups,  chains,  and  masses  of  the  strepto- 
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COCCUS,  most  abundant  on  its  surf aca  Where  a  transverse  section 
of  a  Ijrmphatic  vessel  occurs  it  is  seen  that  the  coed,  though 
growing  in  aU  parts  of  the  lymphatic  clot,  are  chiefly  on  its 
outer  layer  and  on  the  inner  surface  of  the  vessel,  as  if  they  had 
crept  along  the  tunica  intima  of  the  latter,  Uke  the  iucrustations 
in  a  water-pipe,  forming  a  tubular  lining,  and  eventually  obtu- 
rating the  vessel  by  means  of  a  coagulum  growing  from  the 
parietes  to  the  centre  of  the  vessel's  lumen. 

There  exists,  in  fact,  wherever  the  erysipelatous  process  occurs, 
a  capillary  lymphangitis  of  the  part,  leading  to  obliteration  of 
all  the  lymph-passages  by  their  being  choked  with  coagula,  and 
causing  the  death  of  the  part  by  obstruction  to  its  lymph  circu- 
lation, as  well  as  by  the  irritation  of  the  poisonous  ptomaines 
generated  during  the  growth  of  the  organism. 

In  the  blood  of  these  patients  there  are  cocci  to  be  found, 
fairly  proportionate  in  number  to  the  severity  of  the  disease, 
and  in  the  urine  cocci,  as  well  as  rod-shaped  micro-oi^anisms, 
are  usually  readily  detectable. 

I  have  never  been  able  to  porduce  this  disease  in  animals, 
save  by  the  use  of  the  discharges  collected  from  such  a  case. 
These,  however,  are  so  virulent  that  there  is  no  diflSculty  in 
producing,  by  iujectiug  them  under  tlie  skin,  characteristic  local 
infiltrations  and  general  disease.  Around  the  injection  site,  in 
patches  partly  oedematous,  partly  red  and  dense,  partly  suppura- 
ting and  cheesy,  the  tissues  are  pervaded  with  multitudinous 
chains  of  the  streptococcus,  growing  in  the  tissues  and  lympha- 
tics. The  blood  of  the  animal  shows  a  few  micro-organisms, 
and  in  one  case  immense  balls  of  streptococci  mixed  with 
bacilli  were  found  among  the  bile  in  the  gall-bladder.  If  the 
animal  survive  the  first  week,  and,  as  not  unfrequently  happens, 
tend  towards  recovery,  the  blood  ceases  to  present  any  micro- 
orgamsms,  even  though  these  can  still  be  found  in  plenty  in 
the  infiltrated  and  suppurating  regions  around  the  injection 
site. 

One  feature  of  this  disease,  as  it  occurs  in  man,  viz.,  the  yellow 
or  earthy  colour  of  the  skin,  will  be  treated  of  more  fully  further 
on. 

I  have  been  guided  to  the  conclusion  that  this  form  of  disease 
is  characteristic  of  poisoning  by  the  streptococcus  or  chain 
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COCCUS,  while  that  last  described  is  typical  of  poisoning  by  the 
staphylococcus  or  grouped  oi^anisnL  In  the  former  report  I 
left  unanswered  the  question  as  to  whether  these  two  organisms 
were  different  or  identical  The  observations  that  have  been 
made  since  it  was  written  have  inclined  me  to  the  belief  that 
they  are  separate  and  distinct  forms.  They  are  often  found 
together  in  abscesses,  and  it  is  then  impossible  to  gain  much  in- 
formation regarding  them,  since  both  possess  the  power  of  causing 
inflammation  ending  in  suppuration,  and  both  cause  phl^mons. 
But  the  more  disease  approaches  the  erysipelatous  type  and 
concentrates  itself  in  the  l3miphatics,  the  more  evident  does  its 
connection  with  the  streptococcus  become,  while  suppurative 
inflammation  expending  itself  on  the  tissues  rather  than  on  the 
lymphatics  seems  to  be  the  characteristic  result  of  the  staphylo- 
coccus. To  put  it  shortly,  localised  phlegmon  is  usually  due  to 
staphylococcus,  an  erysipelatoid  process  to  8treptococcu&  The 
two  diseases  are  in  many  instances  not  very  unlike  to  one 
another,  but  there  really  exists  a  difference  between  the  effects 
of  the  organisms,  although  by  no  means  a  great  or  essential  one. 

SEPTICiEMIA,  PYjEMIA,  AND  SePTICO-Py^iMTA,  AS  SYMPTOMS  OF 

Micrococcus  Poisoning. 

These  are  names  directly  suggestive  of  the  idea  that  the  disease 
for  which  they  stand  presents  as  one  of  its  most  marked  features 
a  condition  in  which  the  blood  is  adulterated  or  rendered  impure 
by  the  presence  in  it  of  some  morbid  materials  of  a  septic  nature, 
and  possessing  some  affinity  with  the  unhealthy  matters  that 
exist  in  pus.  The  basis  of  truth  that  underlies  this  supposition 
has,  however,  gradually  been  brought  to  support  a  hypothesis 
that  in  the  disease  the  entity  blood-poisomng  is  fundamental 
and  essential ;  that  in  an  infective  matter  entering  the  blood  and 
developing  chiefly  there,  as  yeast  develops  in  a  suitable  liquid, 
is  to  be  sought  the  key  to  a  knowledge  of  the  malady. 

It  has  been  sufficiently  stated  above  that  such  a  hypothesis 
finds  no  support  either  in  a  study  of  analogous  conditionB  of  the 
system  or  in  such  facts  as  can  be  made  out  by  combined  clinical 
and  pathological  observations  on  the  disease  itsell 

It  has  been  shown  that  the  characteristic  phenomena  of 
ordinary  zymotic  diseases  are  inexplicable  on  the  supposition  of 
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the  morUd  caase  having  its  citadel  in  the  blood,  but  can  be 
leadily  understood  if  the  tissues  be  the  entrenchments  which 
thej  occupy,  and  the  blood  merelj  a  province  where  a  guerilla 
warfare  is  carried  on. 

In  giaduallj  presenting  the  various  forms  of  micrococcns- 
poiaoning  in  incareasinglj  malignant  phases,  and  noting  how  each 
presents,  along  with  its  local  phenomena,  the  signs  of  a  conco* 
mitant  blood-poisoning  that  likewise  rises  in  the  scale  of  malig- 
nancy untQ  it  presents  all  the  features  of  well-characterised 
septico-pydemia,  I  have  endeavoured  to  pave  the  way  for  the 
disease  whose  titles  head  this  chapter  being  considered  as  merely 
part  of  a  disease,  sometimes  the  only  part  evident  to  our  unaided 
senses,  but  in  reality  a  subordinate  part  of  a  real  disease  that  is 
somewhere  raging  in  a  local  centre,  coold  we  but  discover  it 
In  this  chapter  I  shall  strive  to  show  that  not  only  occasionally 
or  frequently  is  septico-pysemia  the  companion  of  a  local  disease, 
but  that  it  invariably  is  so,  and  should  indeed  be  considered  as 
the  shadow  of  a  disease  whose  substance  is  to  be  found  in  the 
tissues,  without  which  it  could  have  no  existence. 

In  the  ground  already  traversed  it  has  been  maintained  that 
associated  with  all  local  acute  suppurative  inflammations  there 
exists  a  feverish  condition  due  to  a  slight  form  of  septicaemia 
from  passage  of  organisms  and  ptomaines  into  the  blood,  or  in 
other  words,  that  inflammatory  fever  is  a  mild  form  of  septico- 
pysemia.  It  has  also  been  urged  that  in  phlegmonous  diseases, 
severe  &om  the  outset,  or  that  have  passed  from  a  mild  begin- 
ning into  a  severe  after-stage,  the  inflammatory  fever  becomes 
more  intense,  presents  the  ordinary  picture  of  septico-pysemia. 
And  the  next  point  in  the  natural  sequence  of  thought  is  to 
discuss  tibe  conditions  where  the  disease  presents  so  much  of  the 
general  and  so  little  of  the  local  character  as  to  have  given  rise 
to  the  assumption  that  the  latter  did  not  exist. 

But,  prior  to  doing  so,  I  would  wish  to  draw  attention  to  a 
class  of  cases  that  do  not  belong  either  to  what  is  ordinarily 
understood  as  acute  suppurative  inflammations  on  the  one  hand, 
or  sei^co-pyaemia  on  the  other,  and  which  yet  throw  much 
light  on  both.  The  disease  called  malignant  lippustiUey  generally 
looked  upon  as  a  malady  sui  generis,  is  an  instance  of  a  highly 
fatal  disease  where  a  local  focus  presenting  at  first  the  pheno- 
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mena  of  inflammatio&  hurries  rapidly  on  to  the  stage  of  suppu- 
rative infiltration  or  gangrene,  while  coincidently  there  occurs  a 
general  condition  of  blood-poisoning  that  tends  to  prove  rapidly 
fatal  The  local  centre  of  disease,  like  an  ordinary  acute  inflam- 
mation, is  at  first  taken  for  nothing  more,  but  combines  a  rapid 
unfolding  of  local  virulence,  evidenced  by  its  quick  extension 
into  the  healthy  neighbourhood,  and  the  rapidity  of  its  passage 
through  the  ordinary  stages  of  inflammation  to  terminate  in 
slough  or  suppuration,  with  the  development  of  general  symptoms 
indicative  of  a  serious  poisoning  of  the  system. 

It  seems  as  if  some  toxic  agency  akin  to  that  of  typhus  and 
typhoid  fevers  were  at  work,  and  rapidly  led  to  the  production 
of  a  typhoid  state,  where  high  fever  and  disorders  of  the  nerve 
centres  created  the  most  imminent  danger  to  the  life  of  the 
individual  Malignant  lip  pustule  occupies  a  highly  vascular 
site,  whence  rapid  penetration  into  the  system  is  greatly 
favoured.  It  indeed  has  all  the  outward  character  of  a  phlegmon, 
with  in  addition  grave  general  symptoms,  and  its  names  all 
point  to  this  resemblance  (carbuncle  anthrax).  Nor  is  this  to 
be  wondered  at,  for  it  is  in  all  probability  nothing  more  than  a 
virulent  phlegmon  in  a  vascular  region,  and  occurring  in  a  sub- 
ject of  low  vitality  and  diminished  resistancy.  In  the  one  case, 
where  I  had  occasion  to  examine  the  disease,  it  occurred  in  a 
male  aged  forty-five,  a  patient  of  Dr.  Trail  of  Strichen.  It  con- 
sisted of  a  spongy  purulent  infiltration  of  the  whole  thickness 
and  length  of  the  lower  lip  for  a  full  finger's  breadth  from  the 
margin  downwards.  The  general  symptoms  were  most  alarming, 
the  patient's  life  was  in  serious  danger  when  I  saw  him,  on  the 
eighth  day  of  the  disease.  The  lip  was  pervaded  with  innumer- 
able sloughs  and  miliary  abscesses,  and  these  crowned  with 
groups  of  staphylococci,  each  coccus  averaging  y^g^  of  a  milli- 
metre in  diameter.  There  were  no  streptococci  present  The 
pus  was  estimated  to  contain  90,000  cooci  in  each  cubic  milli- 
metre. One  half  minim  injected  under  the  dorsal  skin  of  a 
large  mouse  killed  it  in  forty-eight  hours,  with  the  usual 
symptoms  of  septicaemia,  and  the  oedematous  injection  site 
showed  one  gigantic  colony  of  grouped  coccus  not  yet  reaching 
the  stage  of  suppuration,  while  the  blood  contained  similar  cocci 
in  less  abundance.    The  blood  from  the  heart  was  unable  to 
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produce  anj  infection  when  rubbed  into  shallow  scratches 
on  the  ear  of  a  stout  guinea-pig.  The  patient  eventually 
recovered  by  thoroughly  drenching  the  tissues  of  the  lip  with 
carbolic  acid  solution  slowly  injected  into  it  through  numerous 
punctures  while  he  was  under  the  influence  of  chloroform.  In 
my  judgment,  this  man's  disease  was  a  very  virulent  staphylo- 
coccus colonisation  in  a  vascular  r^on,  where,  either  owing  to 
defective  resisting  powers  or  to  extreme  virulence  of  the  micro- 
organism, there  was  little  attempt  at  limitation  of  the  process 
by  granulation  tissue  being  formed  around  it,  and  hence  the 
system  was  poisoned,  more  however  by  the  ptomaines  passing 
into  it  than  by  the  individual  cocci  that  strayed  into  the  blood 
These  latter  seemed  to  have  found  the  blood  unsuitable  for  their 
existence,  as  was  shown  by  the  absence  of  any  secondary  foci  in 
any  other  part. 

Acute  infectious  osteomyelitis  is  another  disease  where  sep- 
ticaemia exists  along  with  a  well-marked  local  centre  whence  it 
springs.  Of  this  disease  I  have  seen  but  one  example  of  late, 
and  it  occurred  in  the  practice  of  Dr.  Williams  of  Tarland.  A 
young  boy,  naturally  delicate,  and  who  had  been  exposing  him- 
self for  hours  to  the  intense  cold  of  the  winter  of  1880-81,  was 
taken  with  rigors  and  pains  in  his  right  tibia  and  left  ribs, 
rapidly  developing  into  a  well-marked  acute  inflammation  of  the 
medulla  of  the  tibia.  The  symptoms  over  the  tibia  were  heat, 
slight  redness,  great  swelling,  and  intense  pain ;  the  ribs  pre- 
sented a  similar  affection  complicated  with  pleuro-pneumonia, 
and  the  general  symptoms  were  of  the  severest  typhoid  tjrpe, 
¥dth  high  fever,  ending  in  stupor  and  death.  When  an  incision 
was  made  over  the  lower  part  of  the  tibia,  where  the  greatest 
pain  was  complained  of,  and  a  drill  sent  through  the  compact 
layers  of  the  bone,  the  usual  oily  pus  of  osteomyelitis  squirted 
out,  showing  the  great  pressure  it  had  been  subjected  to,  and 
was  found  to  contain  laige  numbers  of  the  staphylococcus.  The 
evacuation  of  the  pus  was  not  followed  by  much  improvement 
in  the  general  symptoms,  although  it  relieved  the  local  pain.  It 
was  unfortunately  not  in  my  power  to  obtain  any  of  this  pus  for 
an  experimental  investigation.  The  facts  of  the  case  suggested 
the  following  explanation.  This  boy,  constitutionally  feeble, 
chilled  by  long  periods  of  exposure  to  the  intense  frost,  had  the 
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forces  of  his  tissues  so  weakened  that  invasion  of  micro- 
organisms from  without  or  from  the  intestinal  tract  had 
occurred  in  his  system.  Of  these  organisms  the  staphylococcus, 
developing  in  his  weakened  frame,  had  found  a  suitable  resting- 
place  in  the  medulla  of  his  ribs  and  tibia.  There  it  had 
developed  into  colonies,  that  produced  their  usual  effect,  viz., 
acute  inflammation,  and  from  thence  the  ptomtune-poisoning 
had  occurred  that  eventually  caused  his  death. 

These  two  diseases  will  serve  as  types  where  we  can  see 
septicaemia  and  pysemia,  in  undeniable  clearness  and  purity,  yet 
dependent  upon  a  local  disease  that  cannot  be  explained  away 
as  being  other  than  their  true  cause  and  starting-point,  and  will 
illustrate  the  questions  that  confront  us  in  dealing  with  septico- 
pyaemia. 

There  is  no  such  disease  as  septicaemia  or  pysemiajper  se,  such 
conditions  are  merely  secondary  in  the  order  of  the  morbid 
process  and  depend  on  the  existence  of  local  foci  of  micrococcus 
growth.  They  are  but  the  expressions  of  malign  influences 
coming  from  this  focus,  and  would  in  every  case  cease  to  exist 
were  it  in  our  power  to  remove  or  cure  the  focus.  From  text- 
books and  monographs,  not  from  nature,  we  have  learned  to 
believe  in  them  as  possessing  an  individual  existence.  But  is 
this  correct  ?  There  is  no  observer,  accustomed  to  observe  with 
care  and  ponder  with  earnestness,  and  whose  pathological  know- 
ledge has  kept  pace  with  his  clinical  study,  who  will  be  able  to 
assert  that  he  has  seen  a  case  of  septicaemia  existing  alone.  I 
have  never  personally  met  with  such.  In  the  work  of  the 
surgical  wards,  as  in  the  more  varied  experiences  of  general 
practice,  it  has  always  been  the  reverse :  individuals  who  have 
been  injured  or  operated  on,  or  who  have  become  the  subjects 
of  acute  inflammation  or  gangrene,  or  who  have  presented  some 
lesion  or  wound  whence  the  process  had  originated,  have  been 
the  only  ones  who  have  exhibited  septicaemia  or  pyaemia.  And 
wherever  there  has  appeared  an  acutely  inflammatory  disease, 
whether  arising  by  seeming  spontaneity  or  beginning  in  a 
wound,  there,  so  surely  as  the  signs  of  general  invasion  were 
present  and  the  thermometer  in  the  axilla  showed  a  temperature 
considerably  exceeding  101**  Fahr.,  did  the  microscope  reveal  in 
the  local  discharge  the  existence  of  micrococcus,  and  its  presence 
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to  a  less  extent  in  the  blood.  If  the  patient  grew  worse,  then 
the  local  discharges  showed  a  greater  abundance  of  the  cocci, 
and  the  blood  became  more  pervaded  with  them,  the  intensity 
of  the  local  inflammation  and  of  the  general  signs  corresponding 
with  the  numbers  of  these  organisms  present,  and  the  signs  of 
their  active  growth  as  shown  in  their  rapid  divisioa  Did  the 
patient  tend  towards  recovery,  the  fact  was  signalised  by  a 
diminution  in  their  number,  as  well  as  by  the  favourable  con- 
ditions of  pulse,  temperature,  and  functions  that  are  familiar  to 
us  all. 

It  will  occasionally  happen  that  the  general  symptoms  are 
very  marked,  while  the  local  disease  may  be  hard  to  discover. 
Not  every  large  colony  of  micrococcus  signalises  its  presence  by 
the  clamant  signs  of  redness,  heat,  pain,  and  swelling ;  on  the 
contrary,  where  the  tissues  or  the  individual  affected  are  weak, 
the  growth  and  invasion  may  proceed  with  such  astounding 
celerity  that  large  tracts  are  invaded  and  the  system  is  saturated 
with  the  ptomaines  ere  we  are  well  aware  that  anything  is 
going  wrong.  Even  then,  care  will  detect  the  local  site  of 
infection.  Experiment  on  animals  shows  that  if  micrococci  that 
have  been  cultivated  into  great  virulence,  such  as  those  taken  from 
a  virulent  suppuration,  or,  as  stated  above,  from  a  malignant 
phlegmon,  be  injected,  especially  into  a  weakly  animal,  it 
exhibits  a  disease  that  looks  like  septicaemia ;  it  fevers,  its  nerve 
centres  become  intoxicated,  it  is  dull  and  listless,  and  in  a  few 
hours  it  dies;  everything  pointing  to  the  ailment  of  which  it 
perishes  being  generalised  in  its  system,  while  at  the  injection 
site  a  little  puffiness  may  be  all  we  discover.  Yet  when  the 
animal  is  subjected  to  microscopic  scrutiny,  we  find  in  the 
seemingly  unimportant  injection  site  an  enormous  and  appalling 
growth  of  the  deadly  oiganism,  in  quantities  that  defy  calcula- 
tion, in  numbers  that  would  be  but  faintly  computed  by 
millions,  while  the  blood  which  we  would  naturally  have 
supposed  to  be  richly  inhabited,  is  so  poorly  provided  with  the 
organisms  that  it  is  clear  that  the  chemical  intoxication  by  the 
ptomcune,  not  the  vital  injection  by  the  germ,  has  been  the 
cause  of  death.  The  local  invasion  has  been  so  swift  that  the 
symptoms  betraying  it  have  been  but  few.  In  my  former  report 
I  have  mentioned  the  case  of  a  man  where  septicaemia  followed 
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an  extirpation  of  goitre,  as  well  as  a  case  of  compound  dislocation 
and  fracture  where  the  microscopic  investigation  was  full  and 
convincing,  and  I  have  other  cases  since  that  report  was  written 
that  tell  the  same  story. 

Where  cases  of  septiceemia  end,  not  in  death  but  in  recovery, 
the  part  played  by  the  local  focus  usually  becomes  evident,  for 
suppuration  and  inflammation,  it  may  be  gangrene  and  necrosis, 
arise  in  and  around  it,  so  that  the  poisonous  centre  that  may 
once  have  presented  so  few  symptoms  is  made  plain,  and  health 
is  not  regained  until  it  is  extruded  by  the  agencies  of  reaction 
and  repair. 

It  cannot  be  needful  that  all  the  gradations  between  the  most 
intense  forms  of  disease  where  the  general  symptoms  are  striking 
and  the  local  ones  obscure,  and  the  slightest  forms  where  the 
local  symptoms  are  patent  and  the  general  almost  or  altogether 
undistinguishable,  be  again  commented  upon  in  detail.  The 
matters  previously  gone  over  are  sufiBciently  illustrative,  and  I 
may  now  simply  refer  to  these  as  warranting  us  in  concluding 
that  phlegmon  and  septicaemia  are  but  one  disease,  produced  by 
micrococcus  poisoning  in  some  of  its  varying  degrees  of  intensity. 
To  use  the  language  of  Kocher, "  between  a  simple  localised 
acute  inflammation  on  the  one  hand,  and  the  severest  case  of 
pysBmia,  there  exists  only  a  difference  in  degree,  a  difference  in 
intensity."  ^ 

Phlegmonous  inflammation,  septicaemia,  pyaemia,  and  septico- 
pysemia  are  all  micrococcus  poisoning,  varied,  however,  according 
as  ptomaine  intoxication  or  the  local  tissue  reaction  becomes 
more  prominent.  Every  feverishness,  from  an  inflamed  throat 
or  finger,  is  a  septicaemia  in  a  mild  degree,  and  may  pass  into 
a  severe  form.  Ptomaines  pass  into  the  blood,  and  coincidently 
a  few  individuals  of  the  micrococcus  may  be  found  to  have 
wandered  from  the  local  disease  and  to  be  circulating  in  the 
blood,  dead  or  half-dead,  owing  to  the  unsuitability  of  the 
medium  where  they  are  and  the  unfavourable  influences  of 
the  forces  of  the  tissues.  If  removed  from  the  blood  they  rarely 
grow  when  put  into  a  suitable  medium.  They  are  all  eventually 
extruded  or  consumed.    But  if  the  individual  be  subjected  to 

*  Kocher,  '*  Aetiologie  der  Acuten  Entziindungen,"  Langeo beck's  Archiv,  vol. 
xxiii.  p.  103,  1879. 


Digitized  by 


Google 


MICROCOCCUS  POISONING.  51 

depressing  inflaences,  the  ptomaine  poisoning  may  not  be  the 
only  phenomenon  observed.  As  the  symptoms  become  more 
severe  and  the  micrococci  more  numerous  in  the  blood,  the 
weakness  of  the  individual  becomes  greater  and  the  resisting 
power  of  his  tissues  less,  so  that  the  micrococci  are  able  to  live 
in  the  blood,  where  previously  they  found  this  impossible.  They 
multiply  and  form  small  groups  that  increase  in  size  until  they 
are  too  large  to  pass  through  the  capillary  network,  and  there- 
fore are  caught  and  detained  in  lungs,  liver,  or  some  other  part. 
There  they  continue  to  increase  during  life,  perhaps  even  for 
a  time  after  death,  and  furnish  their  contribution  of  poison  to 
the  system. 

Or  it  may  be  that,  though  unable  to  multiply  in  the  blood, 
they  here  and  there  throughout  the  body  find  spots  suitable  for 
their  development,  where  they  can  multiply  and  form  the  foci 
of  suppuration  that  mark  the  form  for  which  we  usually  reserve 
the  name  pycemia.  The  pyaemic  secondary  foci  are  usually  in 
lung  or  liver,  or  joint,  but  may  equally  well  occur  in  lymphatic 
glands,  secreting  glands,  or  even  in  connective  tissues.  They  are 
but  a  rehearsal  of  the  local  growth  and  infiltration  already 
described  in  the  primary  focus,  and  require  no  separate  descrip- 
tion. In  the  joint  affections  of  pyaemia,  however,  there  has 
seemed  to  me  to  be  something  peculiar.  It  would  naturally  be 
imagined  that  the  organisms  in  the  blood,  finding  their  way  into 
the  quiet  haven  afforded  by  the  joint  cavity  with  its  tranquil 
pool  of  synovia,  would  multiply  in  that  liquid  until  they  and 
their  ptomaines  were  sufficiently  numerous  and  intense  to  pro- 
voke reaction,  when  the  phenomena  of  arthritis  might  be  ex- 
pected to  appear.  But  this  does  not  seem  to  be  their  course. 
In  one  pyaemic  case,  when  I  drew  off  by* the  aspirator  a  little 
serum  from  a  knee-joint  at  an  early  stage  of  the  disease,  there 
were  no  micro-organisms  in  the  fluid,  and  it  was  only  at  a  later 
period,  when  it  was  becoming  purulent  in  character,  that  these 
appeared.  From  this  I  surmised,  perhaps  incorrectly,  that 
pyaemic  arthritis  is  not  due  to  organisms  multiplying  in  the 
cavity,  but  somewhere  in  its  neighbourhood,  possibly  in  the 
delicate  synovial  fringes  around  the  cartilages  where  the  capil- 
lary network  is  very  fine,  and  that  the  early  liquid  in  the  joint 
is  merely  the  serum  or  synovia  effused  from  the  outer  surface  of 
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the  spot  where  the  colony  of  micrococcus  is  still  in  a  compara- 
tively unadvanced  stage  of  growth. 

There  is  one  phenomenon  common  both  to  septicaemia  and 
pycemia  that  requires  to  be  mentioned  here,  although  I  regret 
that  my  observations  concerning  it  are  so  barren  of  result.  I 
refer  to  the  ydlow  colour  of  the  skin  observed  in  severe  cases. 
This  symptom  has  been  merely  mentioned  in  the  portions  of  this 
report  devoted  to  sloughing  inflammation  and  erysipelatoid 
disease.  But  it  is  common  to  all  severe  forms  of  micrococcus 
disease.  It  shows  itself  as  a  paleness  or  earthy  tint  of  the  skin, 
nails,  gums,  and  conjunctiva,  that  may  vary  in  depth  of  colour 
up  to  a  distinctly  icteric  tint.  It  differs  from  ordinary  jaundice, 
however,  in  not  aflfecting  the  urine.  There  is  plainly  some  con- 
nection between  this  colour  and  micrococcus.  In  wounds  that 
contain  micro-organisms,  and  that  are  covered  by  Lister's  dress- 
ings, it  is  very  common  to  remark  portions  of  the  gauze  tinted  of 
a  rich  yellow  or  orange  hue,  and  I  was  early  led  to  observe  that 
a  microscopic  examination  of  these  patches  never  failed  to  reveal 
the  presence  of  micrococcus.  So  invariable  was  their  connection 
that  it  was  evident  the  colour  depended  on  the  presence  of 
micrococci.  It  occasionally  chanced  that  it  was  observable  on 
other  dressings,  or  even  in  the  pus  of  a  wound,  but  wherever  it 
was  seen  I  have  always  detected  large  quantities  of  micrococci. 
I  cannot  say  that  the  wounds  where  this  orange  colour  occurred 
have  given  evidence  of  being  more  dangerous  than  other  wounds, 
although  it  were  well  not  to  forget  the  statement  of  Yerneuil,^ 
that  such  wounds  are  apt  to  be  associated  with  dangerous  forms 
of  blood-poisoning.  The  orange  colour  indicates  the  presence  of 
micrococci,  and  therefore  such  wounds  are  not  pure;  danger  lurks 
in  them,  but  the  regular  use  of  antiseptics  and  drainage  removes 
the  danger.  In  cultivating  micrococci  the  yellow  tinge  was 
sometimes  obtained.  This  was  rarely  the  case,  and  the  colour 
was  but  faint  in  albuminous  fluids  exposed  to  the  air,  but  in  the 
interior  of  eggs  it  was  sometimes  very  marked.  It  was  not  much 
seen  when  the  streptococcus  that  rapidly  and  uniformly  pervades 
the  whole  egg  was  employed ;  indeed  the  yellow  tinge  then  seen 
in  the  albumen  may  have  been  due  to  the  admixture  of  the 
yolk  that  results  from  the  agitation  of  the  all-pervading  growth. 

^  Archives  gin,  de.  Med,  December  1880,  p.  641,  "  De  la  Sapparation  orangee." 
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Bat  where  the  staphylococcus  was  employed  a  dififerent  style 
of  growth  and  a  very  marked  colomtion  was  several  times 
observed.  Staphylococcus  grows  at  the  injection  site,  not  tending 
to  spread  rapidly,  but  rather  to  mat  all  that  lies  sux>und  it  into  a 
firm  turf  or  clod,  and  the  resulting  clot-like  turf  was  in  several 
instances  found  of  the  deepest  orange  yellow  next  the  shell,  as  if 
the  colour  were  the  result  of  the  growth  of  the  organism  under 
peculiar  conditions.  Hence  it  appears  possible  that  the  yellow 
or  earthy  tinge  of  the  surface  observable  in  cases  of  septicaemia 
may  be  in  part  at  least  due  to  the  production  of  a  yellow  pig- 
ment by  the  micrococcus. 

Should  the  views  here  advanced  that  septico-pysemia  is  simply 
micrococcus  poisoning  prove  to  be  correct,  it  will  be  necessary  to 
go  a  step  farther  and  admit  that  hectic  fever,  that  septiccemic  con- 
dition that  differs  from  ordinary  septicaemia  in  being  associated 
with  ulcerative  phthisical  processes  in  the  lungs,  and  with  ulcer- 
ative diseases  in  general,  rather  than  with  wounds  and  operative 
procedures,  is  but  a  form  of  the  same  disease.  This  I  am  prepared 
to  assert  Although  in  the  hectic  of  phthisis  we  have  to  deal 
with  a  milder  and  more  protracted,  although  equally  fatal  form, 
yet  there  is  no  clinical  difference  in  the  appeamnces  or  symptoms 
from  those  that  occur  in  septicaemia  from  advanced  disease  of 
the  hip-joint  or  spine,  or  in  the  suppuration  resulting  from  a  bad 
compound  fracture  not  treated  antiseptically.  The  two  diseases 
are  absolutely  identical,  and  surgical  septicaemia  and  hectic  fever 
are  really  synonymous  terms.  Hectic  fever  only  occurs  where 
there  is  a  tendency  to  suppuration ;  it  does  not  exist  in  phthisis 
until  suppurative  breaking  down  of  the  lung  occurs,  and  micro- 
cocci are  always  present  in  the  expectoration  of  such  cases. 
Without  septic  suppuration,  hectic  fever  never  exists.  In  tuber- 
cular maladies  there  is  no  reason  to  suppose  that  the  micrococci 
are  other  than  ingrafted  on  the  diseases  when  they  have  reached 
a  certain  stage,  having  been  conveyed  into  the  lungs  by  inspira- 
tion, or  through  the  circulation,  and  similarly  appearing  in 
chronic  suppurations  about  pelvis,  spine,  or  joints,  either  by  the 
rare  penetration  into  them  from  within  or  the  more  common 
introduction  from  without.  Finding  in  the  weakened  tissues  a 
spot  where  their  development  is  more  or  less  favoured,  they 
secure  at  first  perhaps  a  scanty  foothold,  and  commence  only, 
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when  the  prostration  of  the  individual  permits  their  consider- 
able extension,  to  show  the  more  serious  symptoms  of  their 
presence. 

One  of  the  chief  diflSculties  in  the  way  of  admitting  what  is 
here  claimed  as  due  to  micrococcus  will,  in  all  probability,  be 
that  it  is  not  readily  conceivable  how  one  organism  should  pro- 
duce such  variety  of  disease.  Yet  a  little  consideration  will 
make  it  plain  that  all  the  variations  in  the  nature  and  symptoms 
of  the  diseases  produced  may  be  due  to — 1st,  the  difference  in 
the  form  of  the  organism ;  2nd,  differences  in  the  organ  or  struc- 
tures invaded;  3rd,  the  difference  in  the  virulence  of  the  or- 
ganism ;  and  4th,  the  different  susceptibility  of  the  individuals 
attacked. 

1.  On  the  difference  in  the  form  of^the  organism. — I  have 
already  dwelt  on  the  modes  of  growth  of  the  streptococcus  and 
staphylococcus,  and  their  correspondence  with  certain  varieties 
of  disease.  It  may  be  true  or  not  that  time  will  reveal  further 
differences  among  the  micrococci  found  in  the  pathological  con- 
ditions ;  this  I  cannot  tell.  It  may  also  well  be  true  that  there 
are  other  micro-organisms  besides  micrococcus  that  can  give  rise 
to  acute  inflammations  and  septico-pysemic  conditions ;  this  also 
I  cannot  tell ;  I  only  know  that  they  must  be  rare.  Last  year 
Professor  Ewart  put  on  record  an  investigation  into  an  epidemic 
of  sore  throat,  fever,  and  rheumatic  pains,  followed  in  a  few 
instames  by  local  suppurations,  seemingly  due  to  a  rod-shaped 
bacillus,  not  a  spherical  coccus.^  Febrile  maladies,  however, 
often  open  a  door  for  the  entrance  of  micrococcus,  so  that  ab- 
scesses and  inflammations  due  to  the  latter  are  common  as 
sequelae  of  the  former,  and  this  renders  the  question  a  hard  one 
to  decide.  It  is  certain  that  septicsemia  in  animals  is  not  usually 
due  to  micrococcus,  but  to  other  organisms ;  and  these  may  be 
capable  of  occasionally  appearing  in  man.  But,  with  these 
reservations,  I  do  not  hesitate  to  say  that  micrococcus  is  the 
cause  of  all  septico-pysemia,  as  of  all  phlegmonous  inflammations 
in  man. 

2.  The  differences  in  the  organ  or  structure  affected  may  well 
be  expected  to  explain  to  a  considerable  extent  the  clinical  ap- 

1  Proceedings  of  Royal  Sodply  of  London,  1881,  No.  215.  A  new  form  of  febrile 
disease  associated  with  an  organism  distributed  with  milk, 
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pearances  seen  in  the  diseases  due  to  micrococci  Inflammation  of 
a  lung,  a  serous  cavity,  an  eyeball,  or  a  vein,  cannot  be  expected  to 
give  rise  to  identical  symptoms,  and  such  considerations  as  belong 
to  locality  will  explain  much  that  would  otherwise  be  startling 
in  the  extensive  range  of  diseases  caused  by  these  organisms. 

3.  The  varying  virulence'of  the  organisfni  seems  to  play  a  large 
part  in  the  multitude  of  disease-forms  it  originates.  Micrococcus, 
as  it  exists  on  the  surfaces  of  our  bodies  and  in  decomposing 
fluids,  is  a  comparatively  innocent  germ,  that  may,  in  the  state 
and  quantity  it  there  exhibits,  be  injected  under  our  skin  with 
impunity.  I  have  never  succeeded,  I  freely  admit,  in  cultivat- 
ing such  cocci  into  the  virulence  sufiicient  to  produce  inflamma- 
tion and  disease,  although  I  have  often  reduced  virulent  cocci 
into  a  harmless  condition  by  growing  them  with  free  access  of 
air.  Yet,  despite  my  failures,  I  believe  that  they  are  one,  and 
that  it  will  yet  be  found  possible,  by  growing  them  under  proper 
conditions,  to  demonstrate  their  identity.  From  the  experi- 
ments mentioned  in  my  former  report,  it  seems  probable  that 
cultivation  in  animal  fluids  and  exclusion  of  air  are  the  chief 
conditions  requisite  to  bring  forth  their  virulence ;  while  this  is 
diminished  by  being  grown  in  fluids  not  of  an  animal  nature, 
and  under  free  access  of  air.  All  that  has  been  observed  con- 
cerning them,  experiments  made  with  them,  and  their  behaviour 
as  seen  in  disease,  seem  to  favour  this  view. 

If  analogy  may  be  claimed  as  giving  strength  to  such  a 
supposition,  it  points  entirely  towards  culture  evolving  virulence. 
It  is  now  a  well-worn  observation  that  harmless  organisms  can 
be  made  deadly,  and  deadly  ones  harmless.  Grawitz  cultivated 
innocent  fungi  into  virulence ;  and  in  Buchner's  experiments  we 
can  see  the  common  hay-bacillus  growing  into  a  troublesome,  an 
alarming,  a  most  dangerous,  and  lastly  a  certainly  fatal  organism, 
more  lethal  than  the  most  subtle  chemical  poison.  In  the  great 
facts  of  protective  vaccine  that  we  owe  to  Pasteur  and  others, 
we  find  the  converse  process  laid  bare  to  us,  and  can  observe 
how,  with  the  diminishing  virulence  from  suitable  culture,  the 
properties  of  an  organism  become  marvellously  changed.  Pasteur 
says,  concerning  the  organism  of  splenic  fever ^ — "The  small 

^  C&mpUa  rendus  du  Ccmgrh  International  des  stations  agronomiqueSf  Paris, 
1881,  pp.  154,  165. 
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filamentous  organism  of  anthrax  readily  produces  spores.  It  gene- 
rally grows  by  dividing,  like  the  little  organism  of  fowl-cholera; 
but  after  twenty-four  or  forty-eight  hours,  especially  if  grown 
with  abundant  exposure  to  air,  which  it  requires  if  it  is  to  grow 
by  fission,  there  appear  in  the  slender  filaments  composing  it  small 
brilliant  points,  its  spores ;  around  these  the  filament  becomes 
absorbed  and  soon  disappears,  leaving  only  a  cloud  of  minute 
brilliant  granules.  This  is  but  another  mode  of  generation  of 
the  anthrax  parasite ;  for  if  you  take  these  brilliant  grains  and 
place  them  where  they  can  grow,  they  immediately  reproduce 
the  filamentous  organism  that  grows  anew  by  fission  for  several 
days,  then  again  forms  spores,  and  so  on.  But  here  is  a  strange 
peculiarity :  when  the  spore  forms  in  the  rod  it  possesses  the 
exact  virulence  of  the  rod  or  filament;  that  is  to  say,  if  you 
cultivate  the  blood  of  an  animal  that  has  died  spontaneously  of 
anthrax  till  in  twenty-four  or  forty-eight  hours  it  forms  spores, 
you  will  find,  if  you  test  the  virulence  of  these  germs,  that  it  is 
identical  with  that  of  the  blood  from  which  they  were  pro- 
duced. 

"  There  are  two  circumstances  under  which  the  small  filamen- 
tous organism  can  develop  without  producing  spores, — a  very 
low  temperature,  about  GO*'  Fahr.,  and  a  very  high  one,  about 
110"  Fahr. 

**  Bring  the  liquid  where  the  anthrax  is  sown  to  a  temperature 
of  104**,  or  perhaps  20**  or  30**  below  that  point,  and  it  grows 
and  forms  spores ;  but  at  the  temperature  of  110°  Fahr.  it  grows 
quite  as  well  as  at  the  lower  temperature,  only  it  forms  no 
spores. 

"  Now  leave  it  at  this  temperature,  so  that  it  is  exposed  at 
the  same  time  to  the  action  of  the  oxygen  in  the  atmosphere  of 
the  vessel,  and  then  do  as  you  did  in  studying  the  organism  of 
fowl-cholera,  that  is,  studying  the  effect  of  time  on  its  virulence. 
When  you  have  kept  the  flask  at  110**  Fahr.  for  four,  five,  or  six 
days,  you  test  its  virulence,  and  find  that  it  already  gives  evident 
signs  of  diminution  ;  in  eight  days  this  is  moi*e  manifest,  and  in 
ten  days,  fifteen  days,  or  a  month,  it  becomes  step  by  step  more 
feeble.  After  a  certain  lapse  of  time  it  is  all  dead,  the  organism 
will  not  respond  to  further  culture;  but  before  it  dies,  if  you  test 
its  virulence,  you  will  find  you  can  kill  neither  guinea-pigs, 
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sheep,  nor  rabbits ;  and  in  the  interval  of  time  that  has  elapsed 
between  the  exposure  to  the  temperature  of  110**  Fahr.  and  this 
extreme  period  of  a  month  or  six  weeks,  you  have  as  many 
viruses  differing  in  their  virulence  as  you  have  days"  ^ 

In  the  face  of  these  statements  concerning  one  organism,  it  is 
not  an  extraordinary  thing  to  assume  that  the  same  may  be  true 
of  another,  and  that  the  micrococcus  may  vary  greatly  in  its 
virulence. 

4  But  the  different  susceptibility  of  the  individual  probably 
plays  the  most  important  part  in  varying  the  forms  and  intensity 
of  micrococcus  poisoning.  If  the  same  dose  of  micrococcus  pus 
be  injected  into  each  of  a  number  of  mice  of  the  same  litter,  the 
effects  of  the  dose  will  greatly  vary — perhaps  one,  the  largest 
and  strongest,  may  escape  unscathed  or  be  but  slightly  ill,  in 
several  others  abscesses  will  follow,  in  some  necrosis,  and  in  one 
perhaps,  the  smallest  or  most  weakly,  death  from  septicaemia 
results.  Here  the  evidence  of  individual  susceptibility  is  very 
strong. 

When  we  reflect  on  what  we  know  of  other  diseases,  it  becomes 
even  stronger.  In  an  epidemic  of  measles  or  scailatina  all  are 
not  affected  alike;  some  are  seriously  ill  and  die,  some  are 
trivially  affected,  others  entirely  escape  and  will  not  take  the 
disease.  A  family  of  children,  constitutionally  strong,  takes  the 
disease  and  considers  it  a  pastime ;  a  hundred  yards  off,  a  delicate 
family  also  takes  it,  and  several  of  its  members  die ;  while  a 
third  family,  naturally  healthy,  but  living  in  a  badly-drained 
house,  also  pays  a  toll  of  several  lives. 

And  not  only  does  intensity  seem  to  be  modified  by  constitu- 
tion, but  the  very  form  of  the  disease  can  be  altered  by  it.  In 
typhoid  fever  an  individual  will  have  an  attack  of  the  disease 
lasting  three  weeks,  another  six  weeks,  a  third  will  have  no 
diarrhoea,  a  fourth  will  simulate  acute  bronchitis  or  acute  dis- 
seminated tuberculosis,  a  fifth  will  be  struck  down  comatose, 
as  if  from  apoplexy,  at  the  very  commencement,  and  so  on. 

^  M.  Paateur  goes  on  to  show  how  each  of  these  degrees  of  virulence  can  be 
definitely  fixed  by  transferring  the  organism  to  a  temperature  in  which  spores  are 
formed,  when  these  at  once  appear,  possess  exactly  the  virulence  the  bacilli  had 
got  to,  and  keep  it  indefinitely,  so  that  a  known  degree  of  virulence  can  be  sent 
to  the  ends  of  the  earth. 
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Heemorrhagic  smallpox  dififers  from  common  variola  only  in  the 
individual  constitution  of  its  victim,  and  yet  bow  unlike  are  the 
diseases.  It  were  easy  to  multiply  evidence  of  the  great  part 
played  by  individual  constitution  in  modifying  the  forms  assumed 
by  the  same  bacteric  diseases. 

The  agencies  at  work  in  modifying  the  intensity,  situation,  or 
extent  of  micrococcus  poisoning  are  so  potent,  that  there  will  be 
found  to  be  nothing  in  the  variety  of  its  forms  and  stages  that 
does  not  readily  harmonise  with  the  assumption  of  their  being 
due  to  but  one  disease. 

It  is  greatly  to  be  regretted  that  additions  to  our  knowledge 
do  not  immediately  result  in  additions  to  our  means  of  treat- 
ment. We  are  still  far  from  possessing  a  cure  for  septic  diseases. 
Yet  there  is  some  gain  in  the  way  of  treatment  to  be  derived 
from  these  views,  should  they  prove  to  be  true.  We  must,  in 
the  first  place,  abandon  the  idea  that  by  the  internal  administra- 
tion of  general  remedies  we  can' eradicate  from  the  blood  or 
neutralise  in  it  diseases  whose  essence  is  not  to  be  found  there, 
but  elsewhere.  We  must  zealously  fall  back  on  our  local 
measures,  striving  to  prevent  the  introduction  of  germs,  and  to 
destroy  the  local  colonies  of  those  that  have  entered.  The  pre- 
sent is  an  epoch  when  it  seems  somewhat  unfashionable  to  be  a 
thorough  antiseptician  in  theory  and  practice,  when  such  words 
as  bacteria  and  carbolic  acid  have  become  commonplace  and 
vulgar,  and  when  there  is  danger  of  reaction  carrying  us  back 
towards  our  old  aimlessness  in  treatment. 

Human  nature  forgets  unseen  foes,  but  were  every  surgeon 
and  physician  familiar  with  the  microscopic  study  of  micro- 
organisms, then,  dealing  as  we  would  with  visible  realities,  and 
beholding  both  our  faults  and  their  punishment,  in  the  treat- 
ment of  wounds  and  disease,  it  would  be  less  easy  for  fashion  to 
mislead  or  prejudice  to  warp  our  minds. 
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OMPHALO-MESENTEEIC  REMAINS  IK  MAMMALS. 
By  William  Allen,  M.D.,  Senior  Demonstrator  of  An^atomy, 
University  of  Glasgow, 

Whilst  making  investigations  concerning  the  peritoneal  axrange- 
ments  in  some  of  the  mammalia,  I  have  noted  in  new-born 
Camivora  that,  in  addition  to  the  obliterated  cords  of  the  hypo- 
gastric arteries  and  umbilical  vein,  two  other  more  slender  cords 
exist  in  the  abdomen.  The  additional  cords  do  not,  however, 
run  outside  the  peritoneal  sac,  but  pass  directly  through  its 
cavity,  hence  arises  a  difficulty  in  preserving  them,  when,  in 
order  to  see  the  connections  of  the  cords,  the  intestines  are 
moved  about 

The  cords  are  attached  below  to  the  abdominal  surface  of  the 
umbilicus,  and  from  this  they  pass  forwards  and  upwards,  keep- 
ing close  together  at  firet,  but  afterwards  separating.  The  upper 
end  of  one  passes  into  the  mesentery  of  the  ilium  close  to  its 
intestinal  border,  the  other  passes  up  to  the  mesodicodenumj  and 
runs  into  it,  close  to  one  of  the  pancreatic  lobes. 

On  dissection,  the  posterior  cord  is  found  to  be  connected  with 
the  mesenteric  artery,  the  anterior  one  with  the  portal  vein.  I 
have  found  the  cords  in  every  specimen  of  new-bom  cat  and 
dog  examined,  and  frequently  in  these  animals  when  a  week  or 
a  fortnight  old,  and  in  a  few  cases  at  even  a  greater  age.  I  have 
also  seen  them  in  a  young  lion  which  lived  for  seven  weeks,  but, 
judging  from  the  domestic  Carnivora,  such  a  long  persistence  of 
the  cords  is  exceptional ;  it  seems  very  likely,  therefore,  that  in 
this  case  the  cords  were  retained  simply  from  feebleness  of  the 
animal  associated  with  his  birth  in  a  state  of  captivity.  The 
disappearance  of  the  cords  is  no  doubt  brought  about  by  their 
rupture,  after  which  they  become  absorbed. 

These  peculiar  abdominal  cords  (existing  post-partum)  are  not, 
however,  characteristic  of  the  class  Carnivora,  for  they  are  present 
also  in  new-born  animals  of  another  group.  They  can  be  very 
distinctly  seen  in  the  guinea-pig  up  to  a  week  old,  probably 
longer,  and  here  also  their  connections  and  course  are  the  same 
as  in  the  kitten,  &c.  In  the  young  rabbit  there  is  a  somewhat 
similar  arrangement,  but  in  it  I  have  not,  up  to  the  present,  suc- 
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ceeded  in  finding  after  birth  more  than  one  cord,  and  it,  like  the 
anterior  of  the  two  cords  in  the  guinea-pig.  is  traceable  up  to 
the  portal  veia' 

That  the  cords  are  remains  of  the  oniphalo-meserUeric  system 
of  vessels  is  shown  by  their  connections,  the  one  which  is 
attached  to  the  mesenteric  artery  being  the  obliterated  omjphalo- 
mesenteric  artery,  the  cord  which  goes  to  the  portal  vein  being 
the  remains  of  the  ompfvcdo-m^senteric  vein.  The  correctness  of 
this  interpretation  is  proved  by  the  dissection  in  situ  of  intra- 
uterine specimens  of  any  of  these  animals,  e.y.,  the  foetal 
guinea-pig,  the  cords  can  then  be  traced  out  of  the  body  of  the 
foetus,  through  the  umbilicus,  and  into  the  umbilical  vesicle. 

It  is  at  first  difficult  to  conceive  how  it  is  that,  in  a  mammal 
where  the  use  of  the  yolk  sac  is  so  evanescent  and  soon  dis- 
pensed with,  the  vessels,  whose  sole  function  is  to  absorb  from 
the  yelk,  are  retained  for  such  a  great  length  of  time  as  to 
present  themselves  after  birth  as  cords  of  considerable  firmness. 
In  looking  for  an  explanation  one  is  apt  to  have  recourse  to  a 
study  of  the  phases  of  development  in  a  mesohlastic  ovum,  but, 
in  the  chick  at  the  time  of  maturity,  and  for  some  days  prior  to 
that,  the  only  vessels  which  pass  to  the  lunbilicus  are  those 
connected  with  the  allantoic  circulation.  Neither  the  pedicel  of 
the  yolk  sac  nor  its  vessels  take  part  in  the  umbilical  cicatrix  in 
the  bird,  inasmuch  as  for  some  days  prior  to  the  completion  of 
the  hatching  process  the  remains  of  the  yolk  and  its  vessels 
were  drawn  up  into  the  abdominal  cavity  of  the  chick,  the 
absorbing  process  continuing  uninterruptedly.  This  "sucking 
up  "  of  the  yolk  was  not  interfered  with  by  the  allantois,  there 
being  no  vascular  or  other  adhesion  between  theuL  On  the 
other  hand,  in  mammals  the  yolk  sac  is  not  drawn  into  the 
abdomen,  and  in  some  cases  the  envelope  of  the  yolk  continues 
to  grow  after  its  nutritious  contents  are  absorbed.^    What  I 

1  I  have  not  found  them  in  the  new-born  rat ;  they  are  therefore  not  present  in 
aU  rodents  after  birth. 

*  The  persistence  of  the  sac  of  the  nmbilical  vesicle  is  characteristio  of  the  Car- 
niyora,  Insectivora,  and  Rodentia,  and  a  knowledge  of  this  cirenmstance  has  led 
Von  Baer,  in  1828,  to  divide  the  mammalia  into  two  great  groups,  viz.,  (1)  those 
in  whom  the  vesicle  persists,  and  (2)  those  in  whom  it  soon  disappears. — Ueber 
EiUiHckdungsgewhichie  der  Thiere,  Erster  Theile,  p.  226.  Also  see  drawing  from 
Buffon  and  Daubenton,  in  Mivart's  The  Cat,  p.  828. 
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would  therefore  venture  to  suggest,  as  explanatory  of  this,  is  that 
an  adhesion  had  formed  between  the  allantois  and  yolk  sac,  and 
that  when  this  adhesion  was  great  an  intercommunication  was 
formed  between  the  vessels  of  the  two  sacs,  and  that  this  led  to 
the  retention  of  the  omphaio-mesenteric  trunks  long  after  the 
cessation  of  their  primitive  function.  Where  both  cords  are 
retained  (kitten,  puppy,  lion,  cub,  and  young  guinea-pig),  there 
has  been  a  communication  between  both  the  arteries  and  veins 
of  the  two  systems,  but  where  only  a  single  cord  exists  after 
birth  (young  rabbit)  the  veins  only  of  the  two  sacs  have  been 
connected  together. 

It  is  a  curious  fact  that,  while  the  vessels  of  the  yolk  sac  are, 
in  those  cases,  preserved  for  such  a  great  length  of  time,  the 
vitelline  duct  has  disappeared  before  birth.  This,  which  at  first 
sight  is  inexplicable,  is  probably  dependent  on  that  which  led  to 
the  retention  of  the  vessels,  and  may  be  explained  in  this  way : 
the  umbilical  intestinal  loop  is  drawn  into  the  abdominal 
cavity  as  the  rest  of  the  alimentary  canal  grows ;  this  move- 
ment, then,  on  account  of  the  fixed  position  of  the  umbilical 
vesicle  outside,  causes  the  vitelline  duct  to  be  stretched,  so  that 
it  very  probably  soon  ruptures,  and  is  then  speedily  absorbed. 

In  the  higher  mammals  the  cords  exist  only  in  very  early 
foetal  life.  I  have  been  able  to  trace  them  in  a  human  foetus 
whicli  measured  three  inches  in  length  from  vertex  to  coccyx, 
but  they  were  of  an  extreme  degree  of  tenuity,  and  did  not 
admit  of  dissection  up  to  their  pervious  ends. 
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THE  ACTION  OF  SALINE  CATHAETICS.  By  Matthew 
Hay,  M.D.,  Demonstrator  of  Practical  Materia  Medica  in  the 
University  of  Edinhurgh, 

{Continued  from  voL  xvi.  p.  604.) 

Series  of  Experiments,  F. 

On  the  purgative  effect  of  the  salt  when  injected  subcutaneously. 

After  the  tolerably  exhaustive  inquiry  which  I  have  made 
into  the  action  of  the  salt  when  directly  introduced  into  the  circu- 
lation, it  may  appear  superfluous  to  investigate  the  effect  of  the 
salt  when  injected  subcutaneously.  For  whether  a  soluble  salt  be 
injected  into  a  vein  or  beneath  the  skin,  the  belief  is  that  it  pro- 
duces its  peculiar  action,  if  not  equally  quickly,  at  least  as  equally 
powerfully,  the  salt  passing  rapidly,  in  the  latter  case,  from  the 
subcutaneous  tissue  into  the  circulation.  It  was,  therefore,  to  be 
expected  that  the  action  of  the  salt  would  be  the  same  in  both 
cases.  And  so  it  was  believed,  until  Luton,  an  eminent  physician 
of  Reims,  accidentally  observed  that  one  decigramme  (1 J  grains) 
of  sulphate  of  magnesia  could  produce  purgation  when  injected 
subcutaneously.  I  have  not  had  an  opportunity  of  consulting  the 
Bulletin  de  la  Soc.  Med,  de  Reims,  in  which  his  communication 
appeared,  but  have  seen,  what  I  take  to  be,  a  fairly  complete 
r^sumS  of  it  in  the  Gazette  hehdomadaire  (1874,  p.  455).  Four 
experiments  were  altogether  made,  and  all  of  them  on  man,  and 
in  each  instance  free  purgation  followed.  Unfortunately,  the 
situation  of  the  injection  is  not  mentioned,  but  I  presume  it  was 
made  beneath  the  skin  of  the  abdomen,  the  situation  chosen  by 
Vulpian  and  Carville,^  when,  a  few  months  later,  they  repeated 
with  the  same  result  these  experiments  on  dogs.  The  original 
communication  of  Luton  is,  as  the  editor  of  the  Oazette  h^do- 
m/idaire  remarks,  silent  as  to  the  production  of  pain  at  the  seat 
of  injection.  In  Vulpian  and  Carville's  experiments  a  consider- 
able degree  of  pain  and  inflammatory  swelling  followed ;  and  it 

^  Vulpian,  Lemons  sur  Vappareilvasomoieur,  t  i.  p.  515  ;  Carville,  Oaz,  Tiehdom., 
1874,  p.  405  et  supra,  p.  8. 
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is  not  improbable  that  this  was  also  observed  by  Luton,  although 
not  recorded.  In  attempting  to  explain  the  powerful  action  of 
so  remarkably  small  a  dose  of  sulphate  of  magnesia,  Vulpian 
believes  that  the  salt  is  absorbed  and  effects  catharsis  by  its 
action  on  some  portion  of  the  intestinal  or  alimentary  mechanism. 
But  it  is  passing  strange  that,  when  the  same  salt  is  injected  into 
the  blood,  purgation  does  not  follow.  And  Vulpian,  as  he  him- 
self admits,  injected  directly  into  the  circulation  both  large  and 
moderate  doses  of  sulphate  of  soda  without  producing  any  eflfect. 
In  spite  of  these  considerations  Vulpian,  in  common  with  Luton 
and  Carville,  adheres  to  the  view  he  originally  stated. 

The  activity  ascribed  to  the  absorption  of  an  almost  infinite- 
simal dose  of  sulphate  of  magnesia  seemed  so  incredible  that 
Gubler  attributed  the  pui^tive  eflfect  in  the  case  of  man,  not  to 
the  injection  of  the  salt,  but  to  the  mere  anticipation  of  such  a 
result,  the  individual  having  been  informed  that  purgation  was 
expected.  This,  in  the  less  scientific  and  cultivated  minds  of  the 
inmates  of  an  hospital,  where  as  yet  all  the  experiments  on  man 
had  been  made,  Gubler  considered  very  likely  to  occur.  To  test 
the  truth  of  his  supposition,  he  administered  the  salt  in  the  same 
manner  to  a  large  number  of  the  students  attending  his  clinique, 
upon  whom  the  moral  eflfect  of  the  injection  was  reduced  to  a 
minimum.  The  result  was  highly  favourable  to  his  theory.  For 
only  in  a  very  small  percentage  of  those  submitted  to  the  action 
of  the  salt  did  purgation  occur.  The  seat  of  the  injection  appears 
to  have  been  the  arm.  The  dogs  could  not  have  been  led  to 
expect  purgation  from  a  subcutaneous  injection,  and  Vulpian 
and  Carville  never  failed  to  observe  purgation  in  all  the  dogs 
with  which  they  experimented.  Moreover,  the  latter,  as  I  have 
mentioned  in  an  earlier  part  of  this  paper,^  found,  when  he 
killed  the  animals  before  purgation  had  occurred,  that  the  mucous 
membrane  of  the  whole  intestine  was  congested  and  inflamed, 
and  covered  with  a  sanguineous  eflfusion.  Evidently,  therefore, 
Gubler's  theory  was  insuflScient 

It  occurred  to  me  that  the  true  explanation  of  the  action  of 
a  saline  canthartic,  when  injected  subcutaneously,  lay  in  the  salt 
producing  irritation  at  the  seat  of  its  injection,  which  irritation 
through  a  form  of  reflex  mechanism  excited  the  peristaltic  or 

»  Stiproy  p.  260. 
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secretory  activity  of  the  intestinal  canal.  The  principle  of  treat- 
ment by  counter  irritation  must  be  founded  on  the  recognition 
of  an  intimate  nervous  relation  or  sympathy  between  certain 
internal  parts  and  other  external,  generally  superjacent,  parts. 
Between  the  parietes  of  the  abdomen  and  its  viscera  such  a 
nervous  relation  probably  exists.  It  is  this  relation  which  is 
disturbed  by  the  irritation  of  the  injected  salt.  If  the  salt  be 
injected  in  any  other  situation  than  beneath  some  portion  of  the 
skin  in  nervous  relation  with  the  abdominal  contents,  and  that 
is  probably  any  portion  of  the  integument  other  than  that 
wliich  covers  the  abdomen,  then  purgation  will  not  follow,  for 
the  nervous  mechanism  of  the  intestines  is  not  disturbed. 
Hence,  although  Luton,  Vulpian,  and  Carville  invariably  observed 
purgation  occur  when  the  salt  was  injected  over  the  abdomen, 
yet  Gubler's  experiments  were  negative  when  the  seat  of  the 
injection  was  the  arm.  This  is  more  clearly  proved  by  my  own 
experiments,  in  which  the  situation  of  the  injection  was  varied, 
and  in  which  the  following  points  will  be  proved : — (1)  A  pur- 
gative salt  is  inactive  when  it  is  injected  beneath  the  skin  of  the 
arm  or  leg ;  (2)  when  injected  over  the  abdomen  its  cathartic 
effect  depends  upon  its  producing  a  certain  degree  of  local  irrita- 
tion and  inflammation,  for  when  evidence  of  irritation  is  absent 
there  is  no  purgation  ;  (3)  non-purgative  salts,  and  one  which, 
as  chloride  of  sodium,  exists  naturally  in  large  quantity  in  the 
blood,  or  one,  as  sulphate  of  zinc,  which  is  astringent,  also  pro- 
duce purgation,  if  their  injection  has  been  followed  by  local 
irritation. 

Experiment  LXXIX, — Terrier  bitch,  weighing  5*66  kilogrammes. 
Usual  diet  of  bread,  boiled  flesh,  and  water  continued  throughout  this 
and  following  experiments.  Injected,  in  the  forenoon,  beneath  the 
skin  of  the  hack  between  the  scapulse  0*3  gramme  of  crystalline 
sulphate  ofsodoy  dissolved  in  2  c.c.  of  water. 

During  the  following  night  a  small  quantity  of  hard  fsBcos  was 
evacuated.     On  the  second  night  a  similar  evacuation  again  occurred. 

There  was  not,  at  any  time,  perceptible  swelling  or  inflammation  of 
the  subcutaneous  tissue  at  the  seat  of  the  injection. 

Experiment  LXXX. — Same  dog.  Injected  beneath  the  skin  of  the 
abdomen^  two  inches  to  the  left  side  of  the  linea  alba  and  one  inch 
beneath  the  umbiHcus,  0*1  gramme  of  sulphate  of  soda  dissolved  in 
2  cc.  of  water. 

Neither  during  the  following  night  or  day  did  the  animal  defsBcate. 
On  the  following  night  there  was  a  stool  of  ordinary  Arm  consistence. 
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There  was  no  eyidence  of  inflammation  or  pain  at  the  seat  of  the 
iigection. 

Apparently  in  this  dog  sulphate  of  soda  was  incapable  of 
purging,  whether  injected  beneath  the  skin  of  the  back  or  of  the 
abdomen.  It  is,  however,  worthy  of  remark  that  in  neither  case 
was  there  any  local  irritation  produced  by  the  injection. 

Eacperiment  LXXXL — Same  dog:  seyend  days  after  previous 
experiment  Injected  subcataneously  over  the  abdomen^  inside  tiie 
left  flank,  0*1  gramme  of  Moride  of  sodiurriy  dissolved  in  2  c.c.  of 
water. 

The  first  evacuation  occurred  on  the  third  day,  and  was  of  normal 
consistence. 

There  was  no  visible  trace  of  inflammation  at  the  seat  of  ii^jeetion. 

Experiment  LXXXIL — Same  dog.  Injected  subcutaneously  over 
the  outer  side  of  the  upper  part  of  the  left  fore-leg^  2*4  c.c.  of  a 
solution  of  sulphate  of  magnesia  containing  0*12  gramme  of  the  salt. 

There  was  a  stool  next  morning,  but  small  in  quantity  and  perfectly 
firm.     There  was  no  further  evacuation  during  the  day. 

There  was  no  swelling  at  the  seat  of  ii^jection. 

Experiment  LXXXIIL—Same  dog.  Injected  a  similar  quantity 
of  the  same  solution  of  sulphate  of  magnesia,  as  used  in  the  previous 
experiment,  over  the  abdomen,  inside  the  left  flank. 

Not  until  the  second  night  was  there  any  evacuation,  and  it  was 
then  small  in  quantity  and  quite  hard  in  consistence. 

There  was  no  palpable  or  visible  swelling  or  inflammation  at  the 
seat  of  injection,  and  apparently  no  pain. 

Experiment  LXXXIV. — Same  dog.  Ii^jected,  a  few  days  after- 
wards, in  the  same  situation,  a  like  quantity  of  a  solution  of  sulphcde 
of  magnesia^  but  double  its  strength,  and  containing,  therefore,  0*24 
gramme  of  the  salt. 

Although  kept  under  observation  for  two  days  afterwards,  no  dis- 
charge of  fsBces  took  place  daring  that  time. 

There  was  no  detectable  swelling  of  the  injected  part 

The  sulphate  of  magnesia,  therefore,  like  the  sulphate  of  soda, 
failed  to  produce  purgation,  or  even  the  slightest  laxative  effect, 
when  injected  subcutaneously  in  the  same  quantity  and  strength 
of  solution  as  was  used  by  Vulpian,  not  even  when  injected  over 
the  abdomen.  Here,  also,  as  with  sulphate  of  soda,  the  injection 
was  imaccompanied  by  local  inflammation ;  and  I  have  no  doubt 
that  this  accounts  for  the  negative  results  of  my  experiments  as 
compared  with  those  of  Vulpian. 

If  these  purgative  salts  failed  to  act,  it  was  hardly  to  be 
vouxvn.  B 
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expected  that  chloride  of  sodium  could  do  otherwise,  as  the 
single  experiment  with  it  shows. 

A  few  experiments  were  now  made  on  cats. 

Experiment  LXXXV. — Cat,  male,  weighing  2*80  kilogrammes. 
Injected  over  the  hack^  between  the  scapul©,  0*16  gramme  of  sulphate 
ofsoda^  dissolved  in  1-5  c.c  of  water. 

No  evacuation  occurred  during  the  two  following  days.  When  it 
did  occur  the  discharge  was  hard. 

No  swelling  or  redness  at  point  of  injection. 

Experiment  LXXXVL—^Som^  cit.  Injected  beneath  the  skin  of 
the  (Momen  0*15  gramme  of  sulphate  of  soda,  dissolved  in  1*5  c.  a  of 
water. 

During  the  immediately  succeeding  night  there  was  a  fairly  large 
and  firm  stool,  followed  by  another  firm  evdcuxttion  on  the  next  night 

No  signs  of  irritation  at  the  seat  of  injection. 

The  result  of  these  two  experiments  with  this  cat  and  sulphate 
of  soda  is  the  same  as  of  those  with  the  dc^— entirely  negative. 

Experiment  LXXXVIL — ^Cat,  femalcj  weighing  1*64  kildgritiiimes. 
Passed  a  quantity  of  perfectly  firm  faeces  immediately  before  the  com- 
mencement of  the  experiment  At  1.10  p.m.  injected  8u))cutaneou8ly 
over  abdomen,  near  the  umbilicus,  0'i5  gramme  of  chloride  of  sodium^ 
dissolved  in  1*5  cc.  of  water. 

During  the  night  a  soft  pultaceous  stool  was  evacuated  of  the  usual 
oolour.  On  the  following  night  there  was  another  somewhat  soft  stool, 
but  firmer  than  the  other.  By  the  next  day  the  fseces  had  resumed 
their  usual  consistence. 

A  slight  thickening  of  the  subcutaneous  tissue  could  be  felt  at  the 
seat  of  injection,  and  was  evidently  painful  on  pressure. 

Experiment  LXXXVIII.'—Same  cat ;  A  few  days  afterwards.  In- 
jected over  the  back,  between  the  shoulders,  0*15  gramlne  6f  sutpkate 
of  soda,  dissolved  in  1*5  dc.  of  water. 

The  first  stool  was  evacuated  on  the  secoiid  night  aftet  th6  injeotion, 
and  was  of  perfectly  firm  consistence. 

There  was  some  swelling  and  pain  in  the  neighbourhood  of  the 
ii\jection. 

These  last  two  experiments  were  more  successful  than  the 
others,  inasmuch  as  in  the  one,  by  the  abdominal  subcutaneous 
injection  of  chloride  of  sodium,  a  purgative  effect  was  obtained, 
and  in  both  a  certain  degree  of  inflammatory  irritation  was  pro- 
duced at  the  seat  of  the  injection.  This  local  irritation,  and  not 
the  chloride  of  sodium,  was  evidently  the  cause  of  the  purgation 
in  the  one  experiment    In  the  other,  where  the  injection  was 
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made  over  the  back,  although  sulphate  of  soda,  a  more  purgative 
salt,  was  used,  and  notwithstanding  that  a  similar  degree  of 
local  irritation  was  induced,  there  was  not  the  slightest  laxative 
effect.  These  results  certainly  favour  the  theory  I  have  advanced, 
as  also  do  the  following  experiments  with  another  cat 

Mxperiment  LXXXIX. — Cat,  male,  weighing  3-05  kilogrammes. 
At  1.50  P.M.  injected  beneath  the  skin  of  the  abdomen,  to  the  inside 
of  the  left  flank,  0'12  gramme  of  chloride  of  sodium,  dissolved  in 
2*4  a  c.  of  water.  The  faeces  passed  previous  to  the  experiment  were 
observed  to  be  firm. 

There  was  a  large  evacuation  dunng  the  night,  partly  firm  and 
partly  soft,  although  not  liquid.  One  day  later  the  faeces  returned  to 
their  usual  consistence. 

There  was  slight  swelling  at  the  seat  of  the  injection. 

Experiment  XC — Same  cat.  Injected  over  the  outer  side  of  the 
thigh  of  the  right  fore-leg  0*125  gramme  of  sutphaie  of  magnesia, 
dissolved  in  2*6  cc.  of  water. 

There  was  no  evacuation  until  the  second  nighty  when  there  was 
passed  a  small  quantity  of  firm  faeces. 

Slight  swelling  at  the  seat  of  injection. 

Experimenl  XCL — Same  Cat;  a  few  days  afterwards.  At  5  p.m. 
injected  over  the  abdomen,  to  the  inner  side  of  the  left  flank,  0*12 
gramme  of  sulphate  of  magnesia,  dissolved  in  2*4  cc.  of  water. 

During  the  night  there  was  a  large  evacuation  of  faeces,  half  of 
which  was  firm  and  the  other  half  much  softer  than  usual,  although 
not  actually  fluid. 

There  was  not  much  visible  inflammation  at  the  seat  of  injection, 
although  some  thickening  of  the  subcutaneous  tissue  could  be  felt 
The  pain  on  pressure  seemed  to  be  inconsiderable. 

The  chloride  of  sodium  has  again  relaxed  the  bowels  when 
injected  over  the  abdc^men ;  and  a  similar  effect  has  followed  the 
injection  of  the  sulphate  of  magnesia  in  the  same  situation.  On 
the  other  hand,  the  latter  salt  has  not  affected  the  stools  when 
injected  over  a  fore-leg.  The  degree  of  local  irritation  caused  by 
the  injection  was  not  great,  and  was  much  alike  in  each  of  the 
three  experiments. 

Experiment  XCIL — Cat,  female,  weighing  2*29  kilogrammea 
Injected  over  the  outer  side  of  the  thigh  of  the  Idi  foreleg  0*1  granune 
of  sulphate  of  magnesia,  dissolved  in  2  cc.  of  water. 

No  faeces  during  the  next  forty-eight  hours — ^hard  when  they  did 
appear. 

Without  there  being  much  swelling  at  the  point  of  injection,  the 
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animal  seemed  to  suffer  some  pain  when  the  part  was  pressed  or 
rubbed. 

Experiment  XGIIL — Same  cat ;  three  days  later.  Injected  over  the 
hypogastrium  2  cc  of  a  solution  of  sulphate  of  mag^iesia,  containing 
0*1  gramme  of  the  salt.  ^ 

The  cat,  which,  without  its  being  perceived,  had  been  in  an  early  stage 
of  pregnancy,  aborted  in  the  course  of  the  night.  The  consistence  of 
a  small  quantity  of  faeces,  passed  towards  next  evening,  was  softer 
than  usUfid,  but  barely  sO  much  so  as  to  be  semi-fluid. 

The  injected  part  was  somewhat  swcfllen  and  painful 

The  experiments  on  this  cat,  which  in  othet  respects  present 
the  same  results  as  those  on  the  previous  cat,  possess  the  addi- 
tional interest  df  showing  that  the  abdominal  subcutaneous 
injection  of  a  salt  may  cause  the  expulsion  of  the  contents  of  the 
uterus,  as  well  as  those  of  the  intestines,  and  probdbly  by  the 
local  irritation  of  the  injection,  acting  on  the  utertis  through  the 
agency  of  a  reflex  mechanism  similar  to  that  whidh  We  have 
supposed  to  ekist  between  the  skin  of  the  abdomen  and  the 
intestines. 

Experiment  ^C/F.-^Cat,  female,  weighing  2*09  kilogrammes. 
Injected  subcutaneou&ly  over  the  outer  side  of  the  upper  part  of  the 
tight  fore-leg  Ol  gtamme  of  sulphate  of  magnesiay  dissolved  in  2  cc 
of  water. 

During  the  afternoon  of  the  following  day  there  w&s  p^issed  some 
solid  feeces  of  ordinary  consistence. 

ExperifnetU  XOV^ — Same  cat ;  two  dbys  afterwardsj  At  7*10  p.m. 
injected  over  the  abdom^en  O'l  gramme  of  sulphate  of  fnagnesia^  dis- 
solved in  2  btc  of  watei?. 

During  the  night  there  was  an  evacuation  of  a  Inoderate  quantity  of 
soft  semi-fltdd  feeoes.  On  the  following  night  more  soft  feeces  were 
passed.  By  the  third  night  the  Stools  had  resumed  their  usual 
consistence 

There  was  ft  little  swelling  and  pain  at  the  seat  of  the  injection. 

These  two  further  experiments  with  sulphate  of  magnesia  are, 
in  their  results>  in  harmony  with  those  that  precede,  and  leave 
little  room  for  doubt  as  to  the  correctness  of  the  theory  I  have 
advanced. 

I  have  already  shown  that  even  chloride  of  sodium,  a  salt 
which  forms  the  principal  part  of  the  ash  of  the  blood,  will  cause 
purgation  when  injected  over  the  abdomen,  if  its  injection 
is  at  the  same  time  followed  by  some  degree  of  local  swell- 
ing and  inflammation.    The  quantity  injected  was  so  small  in 
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comparison  with  the  amount  of  the  salt  nonnally  present  in  the 
blood,  that  it  is  impossible  to  believe  that  the  absorption  of  this 
minute  quantity  could  exercise  any  effect  upon  the  intestines- 
Purgation  must  have  been  the  reflex  result  of  the  local  subcu- 
taneous irritation* 

That  purgatioQ,  both  in  the  case  of  the  chloride  of  sodium  and 
of  the  purgative  salts,  is  produced  by  such  irritation,  some 
experiments  with  sulphate  of  ^c  very  fully  support  Sulphate 
of  zinc  in  small  doses  is  well  known  to  act  as  a  powerful 
astringent,  causing  constipation  in  preCerence  to  purgation* 
Administered  by  the  moutji  to  cats  in  doses  of  from  0*06  to  0*20 
gramme,  there  was  either  no  visible  effect  upon  the  stools,  or, 
for  a  day  or  two  afterwards,  the  stools  were  less  frequent  than 
usual,  and  their  consistence  was  somewhat  increased.  When 
similar  doses  were  injected  subcutaneously  over  the  legs,  a  like 
result  was  obtained.  But,  when  the  salt  of  the  injeotion  was 
the  subcutaneous  tissue  of  the  abdomen,  a  laxative  condition  of 
the  bowels  always  followed>  although,  in  the  two  experiments 
instituted,  more  tardily  than  when  sulphate  of  magnesia  was 
employed.    The  details  of  these  experiments  follow^ 

Experiment  ^CYL — Cat,  female,  wjeighi^  2*49  kilogrammes. 
Injected  gabcutaneously  over  the  abdomen  to  the  inner  side  of  the 
left  flank,  0'5  cc.  of  a  10  per  cent  solution  of  sulphate  of  ymc^  or  0*05 
gramme  of  the  salt. 

The  injection  was  made  at  noon,  and  by  the  sam^  hour  on  the 
following  day  no  faeces  had  been  evacuated,  although  a  slight  swell- 
ing was  visible  at  the  seat  of  the  injection.  In  the  jcourse  of  the 
evening  of  the  same  day  there  was  a  stool,  which,  although  con- 
siderably softer  than  usual,  was  barejy  siemi-fluid.  The  local  swelling 
had  not  increased. 

Experimemt  XOVIL — Same  cat  Five  days  aftejr  the  previous 
experiment  a  similar  injection  was  made  over  the  outer  side  of  the  left 
fore-leg,  but  without  any  laxative  effect  upon  the  bowela 

Erperiment  XCVIIL — Cat,  female,  weighing  2*09  kilogrammes. 
Injected  over  the  abdomen  to  the  inner  side  of  the  left  flank,  1  ac.  of 
a  10  per  cent  solution  of  sulphate  of  zinc,  or  O'l  gramme  of  the  salt 

Not  until  during  the  second  night  afterwiurds  were  any  faeces 
evacuated,  when  there  was  a  large  semi-fluid,  dark-coloured  stool 

There  was  a  considerable  area  of  soft  inflammatory  swelling  around 
the  point  of  injection,  which  continued  for  a  few  days  afterwards,  with- 
out that  the  stools  were  again  semi-liquid. 

Eacpenmeni  XCIX, — Same  cat   After  the  swelling  over  the  abdomen . 
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had  completely  subsided,  a  similar  injection  to  that  in  the  foregoing 
experiment  was  made  over  the  hack  between  the  scapulae. 

There  were  no  faeces  for  two  days  afterwards,  and  the  first  evacua- 
tion that  occurred  consisted  of  perfectly  firm  faeces. 

These  experiments,  therefore,  bear  exactly  out  vrhat  I  have 
already  predicated  for  them.  The  slowness  in  both  instances  with 
which  the  laxative  effect  followed  the  abdominal  subcutaneous 
injection  of  the  salt  may  be  attributable  to  the  salt  by  its  absorp- 
tion exercising  its  ordinary  astringent  impression  upon  the  intes- 
tines, and  thus  delaying  their  evacuation  until  the  salt  has  been 
eliminated  from  the  circulation. 

These  now  numerous  experiments  appear  so  clearly  to  estab- 
lish the  view  I  have  suggested  for  the  explanation  of  the  action 
of  minute  doses  of  purgative  salts  subcutaneously  injected,  that 
it  may  be  thought  unnecessary  that  I  should  add  to  their  number 
by  giving  a  few  experiments  which  W/cre  made  on  man.  The 
only,  yet  perhaps  sufficient,  plea  1  can  advance  for  proposing 
Buch  an  addition  is,  that  it  was  on  man  that  the  first  experiments 
on  this  subject  were  made  by  Luton,  and  that  it  was  also  on  man 
that,  later,  Gubler  performed  the  very  large  number  of  experi- 
ments which  led  to  his  rqection  of  Luton  and  Vulpian's  explana- 
tion of  their  results.  It  became  interesting,  therefore,  to  know 
what  effect  the  salt  might  possess  when  attention  was  paid  to  the 
locality  into  which  it  was  injected.  As  the  operation  involved 
was  of  the  simplest  and  most  harmless  nature,  some  of  the  ex- 
periments were  made  on  convalescent  patients  within  the  wards 
of  the  Royal  Infirmary ;  and  for  the  performance  of  these  I  am 
indebted  to  Dr.  Hosack  Fraser,  one  of  the  assistants  to  the  pro- 
fessors of  clinical  medicine.  The  remainder  of  the  experiments 
were  made  on  healthy  individuals,  and  in  every  instance  the 
person  was  of  the  male  sex.  In  every  experiment,  unless  where 
otherwise  mentioned,  1  decigramme  of  sulphate  of  magnesia, 
dissolved  in  1  c.c.  of  water,  was  injected.  In  order  to  test 
Gubler's  theory,  some  of  the  patients  were  told  tiat  purgation 
was  expected  to  follow  the  injections ;  the  others  were  absolutely 
ignorant  of  the  intention  of  the  experiment. 

In  several  cases  the  salt  was  injected  beneath  the  skin  of  the 
arm ;  and  in  no  single  instance  did  purgation  occur,  although  in 
the  majority  of  the  cases  the  individual  was  led  to  understand 
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that  such  a  result  was  expected.  Very  rarely  was  any  trace  of 
irritation  perceptible  at  the  seat  of  the  injection.  It  is  not 
necessary  that  I  give  further  details  of  these  experiments. 

As  to  the  results  of  the  experiments  when  the  salt  was  in- 
jected beneath  the  skin  of  the  abdomen,  sometimes  purgation 
followed,  and  at  other  times  there  was  no  effect  But,  as  a 
general  rule,  it  was  observed  that,  when  the  bowels  were 
affected,  the  degree  of  local  subcutaneous  irritation  was  greater 
than  when  the  stools  were  not  softened.  Most  frequently  in 
the  latter  case  evidence  of  irritation  was  entirely  absent.  The 
following  are  the  protocols  of  these  experiments : — 

Experiment  C. — Sulphate  of  magnesia  injected  half  an  inch  below 
the  umbilicus.     Patient  not  informed  of  the  expected  effect 

There  was  no  purgation,  and  even  no  apparent  acceleration  of  de- 
faBcation. 

There  was  no  trace  of  pain  or  swelling  at  the  seat  of  injection. 

Experiment  CI. — Same  in  all  respects  as  the  preceding,  and  with 
exactly  similar  results. 

No  purgation,  and  no  local  pain  or  STv^elling. 

Experimmt  OIL — Same  as  the  previous  two,  but  individual  told 
that  purgation  was  expected. 

Eesults  exactly  as  before ;  no  laxative  effect,  and  no  local  pain. 

Experiment  CIIL — Same  oonditions  as  in  last  experiment,  and  fol- 
lowed by  precisely  the  same  results. 

Experiment  CIV. — Same  as  previoudy,  but  individual  not  informed 
of  the  object  of  the  injection. 

On  l^is  occasion  there  was  some  degree  of  irritation  and  uneasiness 
at  the  seat  of  injection,  and  a  slight  laxative  effect  on  the  bowels  made 
itself  apparent  next  morning. 

Experiment  CV. — Same  as  in  preceding  experiment,  but  salt  iiyected 
into  the  left  iliac  r^on. 

A  moderate  amount  of  purgation  occurred  next  morning,  and  there 
was  some  irritation  at  the  locality  of  the  injection. 

Esxperiment  CVl. — Similar  in  all  respects  to  the  last,  and  foUowed 
by  much  the  same  results. 

Experiment  CVl  I. — Injected  below  the  umbilicus  0*06  gramme  of 
sulphate  o/anCy  dissolved  in  half  a  cubic  centimetre  of  water. 

In  the  coarse  of  next  morning  there  were  two  evacuations,  both  of 
them  soft,  but  particularly  the  second,  which  was  fluid. 

There  was  an  area  of  redness,  more  than  an  inch  in  diameter,  roimd 
the  point  of  injection. 
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Summary  op  thb  Experiments  op  Series  F. 


No.  of 
Experiment 

AnlmaL 

Salt  iBjeeted. 

Sanation  of 
InJecUon. 

Effect  on 
Part  Injected. 

Efl'ect  on  Bowela. 

LXXIX. 

Dog. 

Sulphate  of  aoda. 

Back. 

No  inflammation. 

Nopnigatlon. 

LXXX. 

do. 

do. 

Abdomen. 

do. 

da 

LXXXL 

do. 

Chloride  of  iodiam. 

do. 

do. 

do. 

LXXXII. 

do. 

Solphate  of  magneda. 

Fore-leg. 

do. 

do. 

LXXXIIL 

do. 

do. 

Ahdomeo. 

do. 

do. 

LXXXIV. 

do. 

do. 

do. 

do. 

do. 

LXXXV. 

Cet.A. 

Snlphate  of  soda. 

Back. 

do. 

do. 

LXXXVL 

do. 

'  do. 

Abdomen. 

do. 

do. 

C«t,B. 

Chloride  of  aodinm. 

do. 

Slight  Inflammation. 

PolpjstooL 

LXXXVIIL 

do. 

Snlphate  of  soda. 

Back. 

do. 

No  purgation. 

LXXXIX. 

Cat,a 

Chloride  of  sodlom. 

Abdomen. 

do. 

Stool,  partly  soft 

XC. 

do. 

Solphate  of  magnesia. 

Fore-leg. 

do. 

Nopnxgation. 

XCL 

do. 

do. 

Abdomen. 

do. 

Stool,  partly  soft 

xcn. 

Cat,D. 

do. 

Fore-leg. 

Slight  pain. 

No  purgation. 

XCIII. 

do. 

do. 

Abdomen. 

Slight  inflammation. 

<  Stool,  parUy  soft 
\     (Abortion.) 

XCIV. 

Cat,E. 

do. 

Fore-leg. 

No  inflammation. 

No  purgation. 

xcv. 

do. 

do. 

Semi-fluid  atods. 

xcvx 

Cat,F. 

Snlphate  of  zinc 

do. 

do. 

SoftstooL 

XCVIL 

do. 

do. 

Fore-lcg. 

do. 

No  purgation. 

xcvin. 

Cat,0. 

do. 

Abdomen. 

Inflammation. 

Semi-fluid  stools. 

xcix. 

do. 

da 

Back. 

Slight  inflammation. 

No  puiigatlon. 

c 

Man. 

Snlphate  of  magnwia. 

Abdomen. 

No  inflammation. 

do. 

CL 

do. 

do. 

do. 

do. 

do. 

cn.» 

do. 

do. 

do. 

do. 

do. 

cin.i 

do. 

do. 

do. 

do. 

do. 

CIV. 

do. 

do. 

do. 

Slight  nneasiness. 

cv. 

do. 

do. 

do. 

Some  Irritation. 

Moderate  purgation. 

CVI. 

do. 

do. 

do. 

do. 

do. 

cvn. 

do. 

Snlphate  of  zinc. 

do. 

Inflammation. 

Purgation. 

1  Indivtdual  informed  that  puigatlon  was  expected. 

A  careful  and  unbiassed  examination  of  these  and  the  other 
experiments  of  this  series  amply  prove,  I  venture  to  think,  the 
propositions  with  which  I  started,^  that  the  salt  will  not  purge 

1  Page  64. 
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unless  when  injected  over  the  abdomen ;  and  that,  even  there, 
it  will  fail  to  act  unless  its  injection  is  accompanied  by  a  certain 
degree  of  irritation;  and  that  its  action  depends,  almost  for 
certain,  wholly  upon  such  irritation,  independent  of  the  purga- 
tive quality  of  the  salt 

In  compaiing  the  results  of  my  experiments  with  those  of 
Luton  and  Yulpian  and  Carville^  it  is  somewhat  remarkable 
that,  even  when  I  injected  the  salt  over  the  abdomen,  the 
bowels  were  by  no  means  always  affected,  as  seems  to  have 
happened  in  the  experiments  of  these  other  observers ;  and,  when 
they  were  affected,  the  purgation  was  of  a  very  mild  character, 
the  stools  being  rarely  more  than  partially  liquid  or  semi-liquid. 
Indeed,  had  it  not  been  that  never  onee  was  an  injection  beneath 
the  skin  of  the  arm  fdlowed  by  the  slightest  laxative  effect,  I 
would  have  felt  inclined  to  attribute  the  purgation  occasionally 
observed  after  the  abdominal  injection  to  adventitious  causes, 
and  would  have  maintained  that  the  subcutaneous  injection 
per  se  of  saline  purges  in  any  part  of  the  body  is  absolutely 
without  effect  on  the  intestines.  The  only  visible  cause  of 
purgation  was  the  irritation  which  the  salt  produced  at  the  seat 
of  its  injection.  When  this  was  entirely  absent,  no  purgation 
was  observed.  At  the  same  time,  I  am  not  prepared  to  assert 
that  purgation  or  a  laxative  effect  wijl  always  occur  when  irrita- 
tion is  visible ;  probably  not  My  own  experience  bears  me  out 
in  this  statement,  as  do  also  «ome  experiments  by  Vulpian. 
There  is,  indeed,  the  possibility  that,  when  the  local  irritation  is 
intense,  an  opposite  effect  is  produced  upon  the  intestines,  or,  at 
any  rate,  that  catharsis  is  not  induced ;  for  Vulpian  on  one  occa- 
sion injected  4s  much  as  10  grammes  of  sulphate  of  magnesia, 
dissolved  in  20  grammes  of  water,  under  the  skin  of  the  left 
flank  of  a  dog ;  and  in  another  dog,  in  the  same  situation,  4  drops 
of  croton  oil,  dissolved  in  10  drops  of  olive  oil  In  neither  case 
was  there  any  effect  on  the  intestines,  notwithstanding  that  in 
both  animals  there  ensued  extensive  inflammation  of  the  sub- 
cutaneous cellular  tissue. 

It  may  not  be  altogether  unprofitable  to  inquire  by  what 
means,  or  through  what  mechanism,  the  subcutaneous  irritation 
contrives  to  cause  purgation.  The  mechanism,  as  I  have  already 
suggested,  cannot  well  be  other  than  nervous  and  reflex.    The 
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abdominal  wall  has  no  direct  organic  connection  with  the  viscera 
which  it  covers.  The  subcutaneous  irritation  must  produce  such 
an  impression  on  the  sensory  nerves  of  the  abdominal  wall  as 
will  be  conveyed  to  some  centres  in  the  spinal  cord  or  en- 
cephalon  in  immediate  relation  with  other  nerve  centres,  whose 
efferent  fibres  pass  to  the  intestines,  and  through  which  the 
impression  wDl  be  reflected  to  these  viscera.  So  much  is 
tolerably  certain.  But  whether  the  efferent  nerves  are  such  as 
control  the  secretion  of  the  intestines,  or  are  those  which 
regulate  peristalsis,  or,  perhaps,  are  merely  the  vasomotor  nerves 
of  the  gut,  my  experiments  do  not  a^ord  me  much  help  in 
deciding.  The  stools  were  not  sufficiently  fluid  as  to  lead  me  to 
believe  that  secretion  was  much,  if  at  all,  affected.  Their 
character  more  inclined  me  to  think  that  it  was  the  motor  nerves 
tliat  were  infljaenced — not  only  of  the  intestines,  but  also  of  the 
uterus  (Experiment  XCIII.).  But  Carville's  observation  of  a 
highly  congested  condition  of  the  intestines  in  dogs  killed  shortly 
after  the  abdominal  subcutaneous  injection  of  sulphate  of  mag- 
nesia, to  which  J  have  already  referred,^  rendei»  it  probable  that 
it  is  the  vasomotor  xierves  y^hich  are  inhibited,  and  give  rise  to 
a  temporary  cat^rhal  condition  of  the  intestines.  This  proba- 
bility is  strengthened  by  common  experience  in  other  departments 
of  medicine,  in  which  we  are  not  imacquainted  with  an  intimate 
sympathy  existing  between  parts,  superficial  and  deep,  totally 
unconnected  by  nerves  or  vessels  passing  directly  between 
them,  and  where  irritation  of  the  former  or  superficial  or  cuta- 
neous part  may  lead  to  a  vasomotor  disturbance  of  the  latter, 
resulting  in  congestion  and  even  in  inflammation.  I  need  but 
adduce  the  instance  of  the  lungs  and  the  skin  of  the  thorax. 
Hardly  any  one  doubts  that  congestion  and  inflammation  of  the 
former  may  sometimes  arise  from  stimulation  of  the  latter  by 
cold  or  damp ;  and  it  has  been  occasionally  observed  that  a  bum 
or  scald  of  the  skin  of  the  thorax  has  been  followed  by  conges- 
tion and  inflammation  of  the  underlying  portion  of  the  lung.^ 

In  citing  the  instance  of  the  sympathetic  relation  of  the 
thorax  and  the  lungs,  and  its  affection  by  cold,  as  comparable  to 
what  occurs  when  the  irritation  of  an  abdominal  subcutaneous 

1  Page  63. 

'  Spenoe,  Zectwre$  on  Surgery,  2nd  editiou,  p.  176,  and  others. 
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injection  distorbs  the  vasomotor  nerves  of  the  subjaoent  viscera, 
I  am  aware  that  m&nj  physicians  would  maintain  that,  in  the 
former  case,  the  application  of  cold  to  the  skin  of  the  thorax  does 
not  produce  congestion  of  the  lungs  through  a  reflex  nervous 
mechanism  consisting  of  the  cutaneous  nerves  of  the  thorax  and 
the  vasomotor  nerves  of  the  lungs.  They  beliBve  that  the  cold 
causes  contraction  of  the  cutaneous  arterioles,  and,  driving  more 
blood  into  the  visceral  circulation,  produces  a  purely  dynamical 
and  compensatory  expansion  of  the  arteries  of  the  subjacent 
lung,  no  other  mechanism  being  involved  than  the  blood-vessels 
and  the  circulation.  This,  however,  is  in  the  highest  degree 
improbabla  For,  if  the  vcdumCiOf  the  cutaneous  circulation  be 
diminished,  and  that  of  the  visceral  circulation  correspomdingly 
augmented,  why  should  the  lungs  alone  be  congested,  and  the 
remainder  of  the  internal  organs  remain  uncongested^  And, 
indeed,  it  is  very  problematical,  if  congestion  of  any  internal 
organ,  as  we  ordinarily  understand  it,  can  be  caused  b^  a  rapid, 
and  much  leas  a  gradual,  increase  of  the  volume  of  its  blood- 
supply  within  such  limits  as  are  likely  or  possibly  to  occur ;  for 
phjrsiology  teaehes  us  that,  owing  to  the  great  dilat^bility  of  the 
veins,  both  trunks  and  branches,  the  capacity  of  the  circulatory 
system  is  capable  of  undergoing  Qudden  and  most  extensive 
variations  without  visible  congestion  or  inflammation  of  any 
organ  being  pixnluced.  Were  it  otherwise,  congestion  and 
inflammation  of  organs  would  be  of  frequent  occurrence  after 
the  application  of  an  Esmarch  bandage  to  the  whole  length  of  a 
lower  limb  in  so-called  ''.bloodless "  surgery;  and  simple  trans- 
fusion of  blood  might  be  attended  with  the  gravest  results.. 
Irritation,  therefore,  of  the  skin,  be  it  produced  by  cold,  burns, 
or  subcutaneous  injections,  causes  congestion  of  certain  internal, 
generally  subjacent,  viscera,  not  from  any  disturbance  in  the 
equilibrium  of  their  blood-supply  acting  through  the  circulation, 
but  from  stimulation  of  a  nervous  mechanism,  which,  through 
the  central  nervous  system,  brings  the  viscera  into  close  union 
and  sympathy  with  certain  cutaneous  areas,  and  through  which 
mechanism  vasomotor  paresis  of  the  viscera  may  occur.  Thus 
the  abdominal  subcutaneous  injection  of  a  solution  of  sulphate 
of  soda,  sulphate  of  magnesia,  chloride  of  sodium,  or  sulphate  of 
zinc^  in  proportion  to  the  nature  and  degree  of  the  local  irritation 
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it  produces,  can  cause  congestion  of  the  intestines  and  conse- 
quent diarrbcBa ;  whilst,  if  it  be  injected  in  some  region  of  the 
body,  between  which  and  the  abdominal  viscera  there  exists  no 
intimate  nervous  connection,  the  injection,  however  it  may  a£fect 
other  organs,  will  exert  no  reflex  action  on  the  vasomotor  supply 
of  the  intestines.' 

Yulpian's  experiments  render  it  probable,  as  I  have  already 
remarked,^  that  a  very  strong  irritatiou  of  the  abdominal  cutis 
does  not  produce  upon  the  intestines  the  efifeet  of  a  weaker 
irritation.  The  former  may,  by  exciting  a  larger  area  of  nervous 
centres  in  the  brai»  or  spinal  jeord,  brij^ig  into  play  eflferent  fibres, 
other  than  the  vaeomotor  inhibitory,  which  may  nullify  the 
action  of  these ;  or,  without  assumiftg  the  involvement  of  more 
nerve  centres  and  fibres^  it  is  possible,^  from  tbe  consideration 
of  other  physiological  and  pharmacological  phenomena,  that  an 
intense  stimulation  of  tl>e  same  nervous  mechanism  may  have 
the  opposite  effect  of  a  weak  stimulation^ 

The  explanation  whicjb  I  have  offered  of  tl^  pwgative  action 
of  a  salt  when  injected  subcutaneously  is  of  considerable  interest 
in  connection  with  an  observation  by  £(^ler  ifi  his  elaborate 
paper  on  the  action  of  elaterium.^  Zwicke,  onj&  of  his  pupils,  he 
remarks,  had  foxmd  that  injec^on  of  a^  alcoholic  solution  of 
convolvulin  imier  the  skin  of  the  back,  or  directly  into  the  vena 
jugularis,  was  not  capable  of  purging ;  injected,  however,  under 
the  skin  of  the  abdomen,  purgation  constantly  followed.  This 
difference  in  the  behaviour  of  the  cathartic,  Ejohler  attributes  to 
the  solution  of  the  convolvulin,  ia  the  latter  case,  penetrating 
directly  through  the  thin  abdominal  parietes  by  a  kind  of  endo- 
smotic  action,  and  thus  reaching  and  entering  the  intestine  with- 
out the  intervention  of  the  blood-vessels.  In  the  intestines  it 
came  in  contact  with  the  bile,  and  was  enabled  to  exert  its  usual 
purgative  effect,  convolvulin  being  one  of  those  resinous  cathar- 
tics to  which  Buchheim  and  his  pupils  first  directed  attention  as 
producing  their  characteristic  action  only  when  mixed  with  bile. 
With  all  respect  for  the  extensive  pharmacological  experience  of 

r  ^  Page  63. 

»  Kohler,  Arehiv  /.  patholog.  Anal.,  Bd.  i  s.  379 ;  Zwicke,  Wirk.  d.  ConvoU 
vtUins  u.  Jalappins,  Inaug.  Dissei-t,  HaUe,  and  Berl,  Klin,  Woch,,  1870, 
Ko.  17. 
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the  late  and  lamented  Kohler,  the  explanation  he  o£fers  of  oon- 
volvulin,  when  thus  injected,  is  to  my  mind  very  unsatisfactory 
and  extremely  improbable.  Can  he  ask  us  to  believe  that  the 
alcoholic  solution  of  the  resin  will  find  some  path  by  which  it 
can  wander  through  the  muscular  wall  of  the  abdomen,  through 
the  powerfully  absorbent  cavity  of  the  peritoneum,  and,  finally, 
through  the  intestinal  wall,  without  in  its  course  being  com- 
pletely absorbed  by  the  numerous  blood-vessels  and  lymphatics  it 
is  forced  to  pass  ?  A  much  more  likely  explanation  is  that  which 
I  have  suggested  for  thei  action  of  similarly  injected  salt ;  the 
alcohol  and  the  convolvulin  locally  imUkte  the  cutaneous  nerves 
of  the  abdomen,  and  reflexly  inhibit  the  vasomotor  nerves  of  the 
intestinal  citnaL  Kohler  observed  that  much  the  same  e£fects 
followed  variously  seated  injections  of  an  alcoholic  solution  of 
^laterin,  as  when  convolvulin  was  employed^ 

If  I  might  present  y6t  another  instdnce  of  purgation  following 
irritation  of  the  abdomincll  parietes,  it  is  the  ancient  and  long- 
practised  Custom  of  purging  children  and  others  by  rubbing  the 
abdomen  with  an  irritant  cathartic*  Since  the  introduction  of 
croton  oil;  it  has  been  largely  used  for  this  purpose,  and  not- 
withstanding the  incredulity  of  Buchheim  ^  dnd  some  others  as 
to  its  elction  being  manifested  \fhen  thus  Applied,  there  is  no 
reason  to  doubt  its  being  able  to  purge,  £js  otherwise  it  is 
di£Scult  to  understand  hoW  the  practice  bectlme  at  one  time  so 
prevalent  It  was  the  apparent  impossibility  of  the  absorption 
of  the  oil  by  the  skin  which  led  such  observeirs  as  Buchheim  to 
doubt  the  capability  of  its  acting  by  absorption,  fuid  in  this  he 
was  probably  right.  For  the  most  recent  investigators  of  the 
absorptive  power  of  the  skin  deny  its  ability  to  absorb  even  the 
most  diffusible  substances,  provided  they  are  non- volatile.*  But, 
according  to  my  view,  absorption  is  not  i-equisite,  the  irritation 
caused  by  the  application  of  the  oil  to  the  skin  being  sufficient 
to  account  for  purgation.    And,  while  its  inunction  over  the 

^  K^rat  et  Lens,  Did,  vmoers.  de  malice  mSdicdUf  art.  Pui^tifs,  t.  y.  p.  544  ; 
Madden  {On  CiUaneaus  Absorption,  Grad.  Thesis,  Edinburgh,  1888,  p.  91)  cites 
Tarions  authors  as  stating  that  a  solution  of  jalap,  rhubarb,  or  scammony,  applied 
to  tie  abdomen,  was  frequently  followed  by  purgation. 

«  Buchheim,  ArzneimiUellehre,  8  Aufl.,  1878,  s.  878. 

•  Fiic  Rohrig,  Physiologie  der  Haul,  Berlin,  1876. 
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abdomen  is  succeeded  by  catharsis,  I  am  not  aware  that  its  ap- 
plication to  the  chest  in  thoracic  disease  has  been  observed  to  be 
followed  hj  a  similar  effect,  although  an  equal  opportunity  is 
presented  for  its  absorption. 

Not  only  do  the  experiments  of  this  series  furnish  a  reasonable 
explanation  of  the  results  of  other  observers  working  with 
entirely  different  purgations,  but  I  claim  that  the  latter  even 
support  the  view  I  have  derived  from  a  consideration  of  the 
former. 

The  nK>8t  important  objeotion  to  the  saline  cathartics  acting 
by  absorption  when  subcutaneously  injected  lies  not  in  the  results 
of  the  experiments  of  this  series,  but  in  those  of  the  preceding 
series,'  where  it  was  fully  demonstrated  that  a  saline  catheurtic  is 
not  capable  of  purging  when  injected  into  the  bkKML 

(To  be  ccntinudi:) 
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A  HITHERTO  UNDESCEIBED  FRACTUEE  OF  THE 
ASTRAGALUS.  By  Francis  J.  Shepherd,  M.D.,  CM., 
M.RC.S.  Eng.,  Demonstrator  of  Anatomy,  M'OiU  University, 
Montreal ;  Surgeon  to  the  Out-Patient  Department  of  the 
Montreal  General  Hoepital,  &c. 

Last  year  I  exhibited  to  tdiis  Society  ^  a  specimen  of  fractare  of 
the  astragalus  found  in  a  subject  in  the  dissecting-room.  Since 
then  I  have  examined  the  condition  of  the  astragalus  in  every 
subject  dissected,  and  have  been  fortunate  enough  to  obtain  two 
more  examples  of  the  same  fracture.  From  this  I  infer  that  it 
is  by  no  means  uncommon.  The  fact  that;  this  fracture  is  not 
mentioned  in  any  of  the  text-books  on  surgery  or  Special 
treatises  on  fractures  would  easily  be  accounted  for  by  its  only 
being  discovered  by  dissection ;  it  causes  no  deformity,  and  the 
symptoms  it  would  give  jrise  to  during  life  would  probably  be 
obscure.  In  all  three  examples  the  fractured  portion  is  the 
same,  viz.,  the  little  process  of  bone  external  to  the  groove  for 
the  tendon  of  the  flexor  longus  hallucis  muscle.  This  process  is 
on  the  posterior  border  of  the  astragalus,  and  overhangs  the  os 
calcis.  To  it  is  attached  the  posterior  fasciculus  of  the  external 
lateral  ligament  of  the  anhle-joint,  called  sometimes  the  posterior 
peroneo-tarsal  ligament  Judging  from  the  appearance  of  the 
fractare,  it  would  seem  that  the  process  of  bone  is  torn  ofif  by 
the  ligament  being  put  on  the  stretch  in  some  twist  of  the  foot. 

In  the  first  case  the  fractured  portion  of  the  astragalus  is 
somewhat  larger  than  in  the  other  two,  and  is  united  to  the 
main  por^n  of  bone  by  fibrous  tissue  and  periosteum.  It 
occurred  in  the  right  astragalus  of  a  young  man,  aged  about 
twenty-fivfe  years. 

The  second  example  of  this  fracture  also  occurred  in  a  young 
man,  and  in  the  right  astragalus ;  but  in  this  there  is  no  fibrous 
or  other  union,  and  the  broken  process  is  attached  to  the  posterior 
peroneo-tarsal  ligament  It  is  displaced  slightly  outwards,  and 
some  strands  of  periosteum  pass  between  its  upper  surface  and 
the  main  bone.    The  broken  fragment  is  quite  movable. 

1  A  pftper  read  before  the  Medico-Chimrgical  Society,  Montreal,  April  14, 1S82. 
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In  the  third  case  the  whole  process  is  not  broken  off,  but  only 
a  part  of  it  As  in  the  first  case,  the  fragment  is  united  with 
the  main  bone  by  fibrous  tissue.  This  specimen  was  found  in 
the  left  astragalus  of  a  woman,  aged  about  sixty,  whose  bones 
had  undergone  fatty  degeneration. 

In  all  three  cases  there  was  no  history,  afid  no  deformity  was 
made  out  before  dissection.  The  joints  were  perfectly  healthy 
looking. 

Supposing  that  this  fracture  was  produced  by  some  twist  of  the 
foot,  I  performed  a  number  of  experiments  on  the  cadaver  to  en- 
deavour to  find  out  the  causa  By  flexing  the  foot,  the  posterior 
fasciculus  of  the  external  lateral  ligament  is  put  on  the  stretch ; 
the  tension  is  still  greater  when  the  foot  is  flexed  and  twisted 
out.  In  every  case  where  this  manoeuvre  was  performed  I  failed, 
even  when  the  greatest  force  was  used,  to  break  off  the  little 
process  of  bone  mentioned  above.  If  the  subject  was  old,  and 
the  bones  porous,  the  tip  of  the  internal  malleolus  was  torn  off, 
and  if  the  action  was  continued,  the  fibular  attachment  of  the 
external  lateral  ligament  If  the  subject  was  a  young  adult,  the 
tip  of  the  internal  malleolus  was  not  broken,  but  the  internal 
lateral  ligament  was  torn  away  from  it ;  and  if  the  action  was 
continued,  the  external  lateral  ligament  was  torn  away  from 
either  its  fibular  or  astragaloid  attachment.  The  process  of  bone 
external  to  the  groove  for  the  flexor  longus  hallucis  was  never 
broken  off,  but  always  remained  intact.  Thinking  that  perhaps 
the  fracture  might  be  caused  by  jumping  from  a  height,  and 
landing  on  the  heels  with  the  foot  flexed,  and  perhaps  twisted 
out,  I,  in  order  to  simulate  this  (imperfectly,  I  must  admit), 
sawed  several  limbs  across  below  the  knee,  and,  flexing  the  foot 
applied  force  from  above  by  means  of  a  large  mallet  Out  of 
five  trials  I  did  not  succeed  once  in  fracturing  the  process  to 
which  the  posterior  peroneo-tarsal  ligament  is  attached,  but 
once  fractured  the  sustentaculum  tali  of  the  os  calcis.  That 
I  was  unable  to  produce  this  fracture  does  not  disprove  that  it 
might  be  caused  by  a  twist  of  the  foot  in  jumping  or  otherwise, 
as  I  could  but  very  imperfectly  imitate  the  accident  as  it  would 
occur  during  lifa  The  sudden  twist  of  the  foot,  and  the  force  of 
the  weight  of  the  body,  with  its  great  leverage,  would  be  diflS- 
cult  to  imitate. 

Whilst  pursuing  my  investigations  in  regard  to  this  subject,  I 
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was  struck  by  the  fact  that  the  process  on  the  posterior  border 
of  the  astragalus  varies  very  much  in  different  bones.  In  some 
it  is  almost  absent,  whilst  in  others  it  is  very  well  marked,  some- 
times overhanging  the  os  calcis  considerably,  and  measuring  three- 
fifths  to  half  an  inch  in  length.  The  attachment  of  the  posterior 
&sciculus  of  the  external  lateral  ligament  also  varies  in  extent ; 
in  some  cases  the  whole  ligament,  or  one  strong  strand  of  it,  is 
attached  to  this  process ;  in  others  it  is  attached  to  quite  a  large 
portion  of  the  posterior  and  external  border  as  welL  This  variety 
in  the  process  and  attachment  of  the  ligament  would,  of  course, 
influence  greatly  the  production  of  the  fracture.  I  also  noticed, 
that  when  the  groove  for  the  tendon  of  the  flexor  longus  hallucis 
muscle  was  deep  the  process  was  prominent,  and  vice  versd. 

May  not  this  fracture  account  for  some  cases  of  sprained 
ankles  which  are  so  slow  to  recover,  and  which  occasionally 
leave  permanent  lameness,  or  at  any  rate  weakness?  In  such 
cases  as  I  have  described,  it  is  probable  that  any  motion  of  the 
foot  (as  flexion  and  twisting  out)  which  puts  the  posterior 
peroneo- tarsal  ligament  on  the  stretch  would  be  painful  Some 
may  say  that  this  is  not  a  fracture  at  all,  but  merely  an  example 
of  an  ununited  epiphysis,  as  is  seen  occasionally  in  the  acromion 
process  of  the  scapula.  I  have  thought  of  this,  and  discarded 
the  theory  for  the  simple  reason  that  in  the  astragalus  there  is 
only  one  ossific  centre,  viz.,  in  the  body  of  the  bone.  I  have 
never  yet  seen,  in  the  numerous  examinations  I  have  made  of 
the  astragalus  in  new-bom  children,  a  special  centre  for  this 
process.  Again,  if  it  were  an  epiphysis,  there  would  of  necessity 
be  a  layer  of  cartilage  between  this  process  and  the  main  bone. 
Dr.  Ino  Neill,  in  the  American  Journal  of  Medical  Science  of 
1849,  describes  a  fracture  of  the  posterior  extremity  of  the 
astragalus  found  in  a  dissecting-room  subject  In  this  case, 
however,  there  was  great  deformity,  with  dislocation  of  the 
anterior  portion  forwards ;  the  tibia  was  forced  down  between 
the  fragments,  and  greatly  separated  them.  The  fractured  por- 
tion consisted  of  the  whole  posterior  border,  and  included  the 
groove  for  the  flexor  longus  hallucis. 

Note, — Since  writing  the  above,  an  asti*agalus  (right)  has  come 
into  my  possession,  in  which  the  process  on  the  posterior  border 
has  been  broken  off,  and  bony  union  has  taken  place. 

VOL.  XVU.  F 
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A  SECONDARY  ASTRAGALUS  IN  THE  HUMAN 
FOOT.    By  Prof.  W.  Turner,  M.B.,  F.RS. 

The  occasional  existence  of  a  distinct  ossicle,  representing  the 
posterior  border  or  surface  of  tbe  astragalus,  which  has  been 
described  as  due  to  a  fracture  of  that  bone  by  Dr.  Shepherd,  in 
the  immediately  preceding  communication,  is  not  unknown  to 
anatomists. 

I  have  now  before  me  the  bones  of  the  left  ankle,  obtained 
two  sessions  ago  in  the  dissecting-room  of  the  University  of 
Edinburgh,  in  which  the  posterior  part  of  the  astragalus,  situated 
behind  the  articular  surface  of  the  tibia,  was  quite  distinct  from 
the  rest  of  the  bone.  This  ossicle  was  Jths  inch  in  its  greatest 
transverse,  and  |ths  inch  in  its  greatest  vertical,  diameter.  It 
was  marked  by  a  shallow  groove  posteriorly  for  the  tendon  of 
the  flexor  longus  hallucis.  Anteriorly  it  was  smooth  and  con- 
vex, and  articulated  with  the  posterior  part  of  the  astragalus 
proper,  which  possessed  a  concave  surface  to  which  it  was 
adapted.  Its  inferior  surface  was  smooth,  and  possessed  an 
articular  surface,  for  the  posterior  part  of  the  superior  articular 
surface  of  the  os  calcis.  The  posterior  division  of  the  triradiate 
external  lateral  ligament  of  the  ankle  joint  was  attached  to  its 
outer  angle.  In  its  anatomical  relations  this  ossicle  closely 
corresponded  to  the  specimens  described  by  Dr.  Shepherd. 

In  the  same  foot  a  sesamoid  bone  was  developed  in  the  tendon 
of  the  tibialis  posticus,  close  to  its  insertion  into  the  tubercle  of 
the  scaphoid  bone. 

I  first  became  acquainted  with  the  occasional  existence  of  the 
posterior  part  of  the  astragalus  as  a  separate  ossicle  by  the 
perusal  a  number  of  years  ago  of  an  article  by  Prof.  Wenzel 
Gruber,  of  St  Petersburg,  in  the  Archiv  fUr  Anutomie  und 
Fhysiologie,  1864,  p.  286,  entitled  "  Vorlaufige  Mittheilung  liber 
die  seeundaren  Fusswurzel-Knochen  des  Menschen."  He  de- 
scribes the  ossicle  as  a  *'  Talus  secundarius,"  and  states  that,  as 
a  rule,  it  possesses  the  shape  of  a  quadrant  of  a  sphere.  Its 
size  varies,  his  largest  specimen  being  10  lines  in  the  transverse, 
8  lines  in  the  vertical,  and  6  lines  in  the  sagittal  diameter.    In 
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the  same  Archiv  in  1869,  p.  108,  Dr.  Ludwig  Stieda  of  Dorpat 
coDiribntes  an  artide  on  secondary  tarsal  bones,  and  describes  a 
similar  secondary  astragalus  in  the  left  foot  of  a  man.  Both 
Graber  and  Stieda  regard  this  ossicle  as  due  to  a  modification  in 
development,  owing  to  the  astragalus  in  these  cases  having  two 
centres  of  development  Graber  states  that  he  has  seen  in 
the  astragalus  a  special  ossi|ic  centre  for  the  posterior  part  of 
the  bone,  which  may  either  ossify  to,  or  form  an  epiphysis  dis- 
tinct from,  the  rest  of  the  bone.  In  the  latter  case,  it  may 
either  be  united  to  the  astragalus  proper  by  synchondrosis,  or 
connected  with  it  by  a  kind  of  movable  joint,  owing  to  the  dis- 
appearance of  the  Intermediate  callage,  when  it  becomes  an 
independent  bone. 

I  entertain  a  similar  view  to  that  held  by  Professors  Gruber 
and  Stieda,  and  believe  that  we  are  to  look  for  the  origin  of  this 
ossicle,  not  to  i%  fracture  of  the  astragalus,  as  described  by  Dr. 
Shepherd,  but  to  the  presence  of  a  secondary  centre  of  develop- 
ment for  the  posterior  part  of  the  bone,  which  has  not  fused 
with  the  general  body  of  the  astragalus,  but  h^  formed  an  inde- 
pendent ossicle.  It  is  well  known  that  many  of  both  the  carpal 
and  tarsal  bones,  which  normally  ossify  from  a  single  centre,  may 
sometimes  possess  two  centres,  each  of  which  forpis  the  nucleus 
of  a  separate  ossicle,  and  several  instances  of  these  variations  in 
ossification  are  recorded  in  the  ^rller  volumes  of  this  Journal. 
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NOTE  ON  THE  RECTUS  ABDOMINIS  ET  STERNALIS 
MUSCLK    By  G.  K  Dobson,  M.A.,  M.B. 

The  pectoral  part  of  the  rectvs  oMominis  et  sternalis  extends  in 
most  species  of  Mammalia  as  far  forwards  as  the  first  rib,  lying 
between  the  pectoralis  major  and  the  ribs.  I  have  lately 
discovered  in  the  golden  moles  {ChrysocMoridce)  a  remarkable 
exception  to  the  usual  position  of  this  muscle,  for  in  these 
animals  the  rectvs  passes  forwards  to  the  first  rib  superficial  to 
the  pectoralis,  and  in  close  apposition  to  its  fellow  of  the  opposite 
side,  separated  only  in  front  by  a  thin  vertical  ligamentous  par- 
tition which  connects  the  longitudinal  raph^  uniting  the  cutaneous 
muscles  (stemo-cuticulares)  with  the  sternum.  This  peculiar 
position  of  the  muscle  might  appear  at  first  sight  to  favour  the 
views  of  some  anatomists,  that  the  muaciUus  stemalis  of  man  is 
homologous  with  the  pectoral  end  of  the  rectvs  of  most 
mammals.^ 

The  position  of  this  muscle  in  the  golden  moles  is,  however, 
evidently  related  to  the  peculiar  formation  of  the  thorax  in 
which  these  animals  d]£fer  from  all  other  mammals.  In  them, 
although  they  are  fitted  for  f ossorial  action  and  underground  pro- 
gression as  perfectly  probably  as  the  true  moles  (Talpidce),  the 

^  These  Tiews  have  been  ablj  disproved  by  Professor  Turner,  in  his  paper  on  the 
Musculns  tUmalU  in  vol.  L  of  this  JoumcUf  who  remarks  that  this  muscle 
**  approaches  so  closely  in  many  of  its  characters  to  the  panniciUiis  camoms,  that 
it  may  perhaps  be  regarded  as  an  additional  rudiment  in  man  of  that  very  import- 
ant tegumentary  muscle,  though  it  must  be  admitted  that  the  human  platysma 
lies  on  a  plane  superficial  to  the  fibres  of  the  stemcUis  in  those  individuals  in 
whom  they  exist."  This  difficulty  may,  I  think,  be  got  over  if  we  regard  the 
musculus  stemalii  as  homologous,  not  with  the  fMmniciUiis  camosus  lining  the 
integument,  but  with  the  sUmo-cuticularis  {stemo-facialis  of  the  hedgehog), 
which  is  found  in  many  species  of  mammals  springing  from  the  sternum  (extend- 
ing in  some  even  as  far  down  as  the  sheath  of  the  recttis),  and  attached  to  the  deep 
surface  of  the  pannicultis  earrumis  either  in  front  of  or  behind  the  anterior  extremi- 
ties. The  very  variable  condition  of  the  anterior  attachment  of  the  muscle  in  man 
also  agrees  weU  with  this  hypothesis,  for  the  rudimentary  muscle  having 
ceased  to  have  any  function,  and  having  lost  its  connection  with  the  feebly 
developed  representative  of  the  panniculua  carrumu,  attaches  itself  irregularly  any- 
where, though  the  position  of  its  origin  remains  to  a  great  extent  unchanged. 
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necessary  modifications  of  the  body  and  limbs  have  been  brought 
about  in  a  totally  different  manner.  In  order  to  admit  of 
fossorial  action  and  progression  in  a  confined  space,  the  limbs 
must  be  so  placed  that  they  project  as  little  as  possible  beyond 
the  sides  of  the  body,  while  the  normal  length  of  the  forearms  is 
preserved  and  the  leverage  of  the  muscles  remains  unaffected. 
This  is  effected  in  the  true  moles — (1)  by  change  in  the  position 
of  the  limbs  caused  by  anterior  elongation  of  the  manubrium 
stemi  carrying  with  it  the  clavicles,  and  (2)  by  shortening  of  the 
clavicles,  which  is  here  carried  out  to  the  greatest  extent  known ; 
the  limbs  being  thus  brought  opposite  the  narrowest  part  of  the 
body,  and,  as  it  were,  articulated  with  the  sternum  from  which 
the  small  quadrate  clavicles  alone  separate  them.  In  the 
golden  moles,  however,  the  manubrium  stemi  is  not  anteriorly 
elongated,  neither  are  the  clavicles  shortened;  but  this  is  made 
up  for  by  a  deep  hollowing  out  on  either  side  of  the  antero- 
lateral walls  of  the  thorax,  the  ribs  in  these  parts  and  the 
sternum  being  convex  inwards,  the  long  clavicles  have  their 
distal  extremities  pushed  forward,  and  the  concavities  on  the 
sides  and  inferior  surface  of  the  thorax  lodge  the  thick  muscular 
arms.  The  space  for  origin  of  the  pectoralis  major  is  thus  much 
reduced  in  width,  and  the  muscle  itself  is  closely  appressed  to 
the  ribs  by  the  superincumbent  muscular  mass  of  the  arm, 
leaving  no  room  for  the  pectoral  part  of  the  recttis,  which, 
moreover,  would  have  to  describe  a  deep  curve  if  it  main- 
tained its  usual  relations  in  passing  to  its  insertion.  The 
natural  result  has  followed;  this  part  of  the  muscle,  being 
put  out  of  action  by  the  altered  condition  of  the  thoracic  wall, 
has  disappeared  along  its  normal  tract ;  but,  evidently  in  conse- 
quence of  being  essential  to  the  well-being  of  the  animal,  has 
assumed  a  new  course,  an  occurrence  far  from  uncommon  in  the 
muscles  of  the  variable  extremities,  but  much  less  frequently 
noticeable  in  the  trunk,  and,  apparently,  hitherto  unrecorded  in 
the  case  of  the  muscle  under  consideration. 
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ECTOPIA  VESICAE  AND  OTHER  IMPERFECTIONS  OF 
DEVELOPMENT  IN  A  NEW-BORN  INFANT.  By 
Frai^cis  Ogston,  Jun.,  M.D.,  Assistant  to  the  Professor  of 
Medical  Jurisprudence  in  the  University  of  Abei^deen. 
(Plates  II.  and  III.) 

About  the  middle  of  the  winter  session  of  1880-1  Mr  W.  S. 
Lunan,  one  of  our  students,  brought  to  the  College  an  infant 
which  had  been  born  in  the  neighbourhood  a  few  days  pre- 
viously, and  which  had  died  soon  after  its  birth. 

The  child,  a  male,  was  about  the  average  length  and  weight, 
and,  as  regards  its  general  appearance,  was  fat  and  well  formed. 
On  examining  it,  however,  it  presented  several  abnormalities 
which  must  be  described  in  detail. 

External  Appearances. — ^The  central  part  of  the  anterior  wall 
of  the  abdomen  was  occupied  by  an  Irregularly  triangular  smooth 
patch)  of  a  purplish  colour,  resembling  rather  mucous  or  serous 
tissue  th^n  true  skin,  exactly,  in  fact,  like  thd  investing  mem- 
brane of  the  umbilical  cord  with  which  it  was  continuous,  the 
apex  of  this  triangle  being  upwards,  and  a  little  below  the  tip  of 
the  enslform  Cartilage,  and  its  base  a  little  above  a  lihe  drawn 
between  the  two  iliac  crests.  From  a  point  about  a  third  from 
its  apex,  sprang  ah  apparently  normal  umbilical  cord  (PL  I.  a). 

Bounding  this  patch,  inferiorly,  was  a  nan*ow  belt  of  normal 
skin,  varying  in  breadth  from  one-tWelfth  to  one-foUrth  of  an 
inch,  and  continuous  laterally  with  the  skin  of  the  sides  of  the 
abdotneH. 

Underneath  the  belt  of  skin  a  semilunar  mass  was  to  be  seen, 
divided  into  three  portions  by  two  Vertical  depressed  lines 
(PL  L  6),  its  lateral  portions  resembling  in  appearance  the  patch 
a,  and  its  Central  portion  bright  red,  velvety,  protruding,  and 
plicated.  On  examining  it  minutely  it  was  seen  to  be  an  everted 
bladder, with  two  slit-shaped  openings  near  its  upper  part  {ureters)^ 
and  towards  its  lower  part,  on  the  right  side,  a  wart-like  excres- 
cence, about  the  size  of  a  split  pea,  apparently  the  right  lobe  of  the 
prostate  gland ;  but  there  was  no  rudiment  of  the  left  lobe. 

On  exploring  the  lowest  portion  of  the  bladder  an  opening 
rather  more  than  a  quarter  of  an  inch  in  diameter  was  found, 
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which  admitted  a  probe  for  some  distance ;  this  opening  com- 
municated with  the  rectum. 

Below  the  lateral  divisions  of  the  mass  h,  the  two  halves  of  a 
cleft  penis  appeared,  each  with  a  well-formed  half  scrotum,  but 
of  course  no  trace  of  urethra  (PL  I.  c),  and  underlying  them  the 
two  divisions  of  a  cleft  scrotum  (PI.  I.  d),  but  no  testes  could  be 
felt  in  them. 

The  raph^  of  the  perinseum  showed  no  rudiment  of  a  rectal 
opening. 

Interruil  Appearunces. — In  the  mouth,  throat,  and  thorax,  there 
was  nothing  abnormal ;  but  in  the  abdomen  the  following  abuor* 
malities  were  found  ;— 

The  umbilical  cord,  on  being  laid  open,  was  seen  to  have  an 
umbilical  vein,  of  larger  dimensions  than  usual,  and  one  artery 
which  apparently  divided  at  the  navel  to  form  the  two  hypogas- 
tric arteriea  The  umbilical  vein  penetrated  the  upper  surface 
of  the  liver,  about  a  quarter  of  an  inch  behind  its  anterior 
margin,  and  then  ran  its  usual  course. 

On  turning  up  the  lower  surface  of  the  liver  (PL  II.  g)  it  had 
the  usual  appearance  of  division  into  lobes,  but  there  was  no  trace 
of  the  gall  bladder  or  its  duct. 

The  stomach  (PL  11.  a),  was  of  the  normal  size,  and  in  the 
vertical  position  in  which  it  is  found  in  the  foetus  ;  it  terminated 
in  the  duodenum,  which  was  continued  into  the  jejunum.  These 
portions  of  the  small  intestine  were  about  sixteen  inches  in  length, 
and  so  far  normal  that  they  had  a  proper  mesentery  and  glands. 

The  jejunum,  however,  at  its  lower  end  terminated  in  a  some- 
what reniform  dilated  cut-de-sac  (PL  II.  c),  about  four  inches 
in  length,  and  an  inch  and  a  half  in  breadth  at  its  greatest 
diameter.  This  sac  was  rounded  at  its  upper  end,  and  somewhat 
pointed  at  its  lower,  its  upper  one-fourth  being  free,  as  was  its 
lower  half,  while  between  these  two  parts  it  was  attached  by  a 
mesentery  about  an  inch  in  breadth,  with  rather  large  mesenteric 
glands.  At  this  part  the  jejunum  communicated  with  it,  by 
gradual  enlargement  of  its  canal,  and  with  no  semblance  of  a 
valve  at  the  point  of  communication.  The  sac  reminded  one  of 
the  adult  stomach,  with  the  jejunum  entering  it  like  the  oeso- 
phagus, only  that  there  was  no  pyloric  aperture,  its  lower  end 
being  closed.  It  was  half  filled  with  a  substance  having  all 
the  appearance  of  well-formed  meconium. 
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The  intestine  ended  here — no  trace  of  the  colon  being  found. 

The  rectum,  which  had  been  seen  to  open  into  the  lower  part 
of  the  bladder,  was  prolonged  upwards  for  about  two  inches  and 
a  half,  terminating  in  a  somewhat  constricted  blind  end.  It  was 
lying  free  in  the  pelvis,  not  bound  down  to  the  sacrum,  and  had 
no  connection  with  the  small  intestines  (PL  II.  e). 

The  spleen  (6),  the  kidneys  (d  and  h\  the  suprarenal  capsules, 
and  the  pancreas  were  nonnal  in  size,  and  in  their  usual  position. 

A  ureter  sprang  from  each  kidney,  but  instead  of  terminating 
in  the  bladder,  ended  in  a  blind  end  in  the  subperitoneal  tissue 
at  the  side  of  the  bladder,  at  the  point  where  the  obturator 
foramen  should  have  been,  having  thus  no  connection  with  that 
viscus.  (The  lines  d,  in  Plate  I.,  tenninate  nearly  at  the  points 
where  they  ended.) 

The  openings  in  the  bladder  into  what  appeared  to  be  the 
ureters  had  no  connection  with  the  kidneys,  but  ran  up  under 
the  peritoneum  of  the  anterior  wall  of  the  abdomen,  and  ended 
blind — the  right  one  near  the  umbilicus,  and  the  left  one  half 
way  to  this  point 

The  right  testis  had  just  entered  the  inguinal  ring,  the  left 
lay  still  behind  the  kidney.  The  Wollfian  bodies  were  seen 
behind  the  kidneys,  the  left  being  the  larger  of  the  two. 

The  bony  pelvis  was  deficient  anteriorly,  the  pubic  portions  of 
the  ossa  innominata  and  the  ascending  ramus  of  the  ischium 
being  absent. 

In  the  parts  a,  and  the  lateral  portions  of  h  (PI.  I.),  the 
abdominal  muscles  were  all  but  absent,  being  merely  represented 
by  a  few  shreds  of  muscle,  with  hardly  any  continuous  connec- 
tion, the  abdominal  integuments  there  consisting  of  rudimentary 
skin  and  serous  membrane  (peritoneum). 

I  neither  can  nor  shall  make  any  attempt  to  explain  this 
curious  case.  It  would  seem  as  if  there  had  been  two  if  not 
three  interruptions  in  its  development,  one  afifecting  the  bladder 
and  rectum,  with  their  appendages,  giving  rise  to  the  defect 
known  as  ectopia  vesica,  with  epispadic  cleft,  and  cleft  penis 
and  scrotum,  accompanied  by  the  very  usual  non-descent  of  the 
t^tes ;  another  affecting  the  intestinal  tract,  which  appeared  to 
have  ended  at  the  point  of  connection  with  the  yelk  sac  by  the 
vitello-intestinal  duct ;  and  the  third,  which  had  given  rise  to  the 
non-formation  of  the  gall  bladder. 
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NICKEL  AND  COBALT:  THEIR  PHYSIOLOGICAL 
ACTION  ON  THE  ANIMAL  ORGANISM.  Part  L 
TOXICOLOGY.  By  T.  P.  Anderson  Stuart,  M.D.,  Ch.M., 
Assistant  to  the  Professor  of  the  InstitiUes  of  Medicine, 
JBdinbwrgh  University.^ 

The  investigations,  of  which  the  present  article  contains  a  sum- 
mary of  the  results,  were  carried  on  during  the  winter  session 
1880-81  and  the  autumn  of  1881,  in  Professor  Oswald 
Schmiedeberg's  pharmacological  laboratory  in  the  University  of 
Strassburg.  I  am  greatly  indebted  to  him  for  his  kindly  en- 
couragement throughout  the  work.  In  the  same  laboratory  a 
series  of  researches  on  the  physiological  action  of  some  other 
metals  on  the  animal  organism  had  already  been  carried  out  by 
previous  investigators.  These  metals  were  lead,  platinum, 
mercury,  antimony,  tin,  and  iron ;  and  the  several  accounts  of 
their  action  will  be  found  in  the  Archiv  der  Hxperimentellen 
Paihologie  und  Pharmakologiey  edited  by  Professor  Schraiedeberg, 
the  Director  of  the  Institute. 

Bearing  in  mind  how  closely  nickel  and  cobalt  are  chemically 
related  to  each  other  and  to  iron,  and  how  constantly  it  has  been 
tacitly  assumed  that  nickel  and  cobalt  have  physiological  actions 
similar  to  those  of  iron,  it  is  scientifically  a  matter  of  interest 
and  practically  of  importance  to  test  experimentally  the  sound- 
ness of  the  assumption. 

LUeraiure, — The  references  in  medico-scientific  literature  to  the 
physiological  action  of  the  nickel  and  of  the  cobalt  compounds  are  at 
once  sparse  and  meagre,  and  the  details  contained  therein,  as  I  shall 
have  to  show,  are  not  quite  trustworthy.     They  are  as  follows : — 

C.  G.  Gmelin  {op,  dt,^  1)  performed  the  following  experiments  re- 
ferred to  by  Buchner  in  1827.  Ten  grains  crystalHsed  nickel  sulphate 
introduced  into  a  dog's  stomach  produced  merely  repeated  vomitings, 
and  80  did  20  grains  given  two  days  later.  Ten  grains  had  no  perceptible 
effects  on  a  rabbit,  but  20  grains  killed  a  rabbit  in  a  few  hours  with  con- 
vulsions, and  p,  m,  the  gastric  mucosa  at  the  cardiac  was  found  to  be 
covered  with  blackish-red  spota    A  watery  solution  of  10  grains  injected 

1  TfaiB  paper  is  an  extract  from  my  Thesis  of  the  above  title,  presented  to  the 
University  for  the  degree  of  M.D.,  1882,  and  for  which  a  medal  was  awarded. 
Part  II.,  which  will  include  the  effects  of  small  doses  long  coutinned,  and  the 
therapeutics  of  nickel  and  cobalt,  will  follow  when  the  investigations  are  completed. 
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into  the  jugular  vein  of  a  small  dog  killed  it  immediately,  and  the  dissec- 
tion at  once  performed  showed  that  the  excitability  of  the  cardiac  muscle 
was  completely  abolished,  and  that  in  both  sides  of  the  heart  there  was 
much  fluid  blood.  Five  grains  of  the  same  salt  injected  into  the  jugular 
vein  of  a  dog  caused  in  half  a  minute  vomiting,  which  was  repeated 
from  time  to  time.  Diarrhoea  set  in,  and  then  only  a  mucous  fluid 
was  passed.  Soon  the  dog  fell  down  and  lay  motionless ;  in  a  few 
hours  it  began  to  recover ;  it  remained  dull  and  ill  for  four  days,  the 
apex  beat  of  the  heart  being  weak  and  slow,  and  the  body  greatly 
emaciated.  On  the  fourth  day  the  eyes  were  covered  with  a  purulent 
fluid,  but  on  the  sixth  day  it  Was  well  again.  30  and  40  grains  of  the 
nickel  sulphate  laid  in  the  subcutaneous  tissue  of  the  neck  of  dogs 
were  absorbed  without  vomiting  or  other  remarkable  symptom.  Thus, 
says  Buchner,  we  see  that  the  nickel  salt  only  then  is  particularly 
dangerous,  and  by  cardiac  paralysis  rapidly  fatal  when  it  is  injected 
into  the  vascular  system ;  but  that  also  by  way  of  the  stomach  it  may 
be  fatal^  death  being  accompanied  by  convulsions. 

Orfila  {op.  cit,  1)  merely  quotes  these  experiments  of  Gmelin. 

Huseman  (op,  cit,  3)  says  that  the  nickel  and  cobalt  salts  agree  in 
their  action  with  the  chloride  of  manganese,  and  with  potassium  man- 
ganate  and  permanganate.  In  acute  poisonings  with  1  to  3  drachms 
of  the  sulphate,  he  says,  there  is  said  to  be  irritation  and  corrosion  of 
the  intestine,  and  death  with  vomiting  and  convulsion;  also  great 
secretion  of  bile. 

Broadbent  (op,  cit,  4  and  5),  assuming  that  the  members  of  the  iron 
group  of  metals  will  have  similar  physiological  actions,  proceeds  to  pre- 
sciibe  manganese,  nickel,  and  even  chromium  salts  in  cases  where  iron 
is  generally  employed,  e.g,,  ansemia,  menorrhagia,  amenorrhcea,  and 
leucorrhoea,  and  he  states  that  he  has  seen  beneficial  results  follow. 

Buchheim  (op,  cit,  6)  says  that  small  doses  of  nickel  and  cobalt  salts 
introduced  into  the  alimentary  canal  do  not  induce  symptoms  of 
poisoning ;  and  that  with  regard  to  the  efi^cts  of  their  intra- venous 
injection  we  do  not  yet  possess  sufficiently  exact  knowledge. 

Azary  (tjp.  city  7)  does  nol:  separate  the  action  of  the  nitrates  of 
nickel  and  cobalt.  In  acute  cases  he  found  stupefaction  and  lowering 
of  the  temperature  ;  then  the  heart's  action  and  the  respiratory  move- 
ments slowed  and  weakened,  the  pupils  dilated.  In  chronic  cases 
there  were  emaciation.  The  urine  increased  three  or  four  times,  of  a 
dark  brown  colour ;  briny  when  cool ;  sp.  gr.  may  exceed  1049  ;  there 
may  be  albumen  and  hyaline  casts.  The  frog's  heart  first  is  slowed, 
then  ceases  to  beat.  In  the  dog  the  pulse  is  first  accelerated  and  the 
blood  pressure  rises ;  then  the  pressure  falls,  the  pulse  slows,  and  the 
heart  ceases  to  beat.  This  is  a  purely  local  action  afifecting  its  muscle 
and  its  automatic  ganglia.  An  afl*ection  of  the  vagi  or  of  the  accelerat- 
ing fibres  was  not  observed.  The  hseraocytes  swell,  lose  their  pigment, 
and  become  transparent  sacs ;  in  frogs  they  may  fall  to  piecea 

Sir  J.  Y.  Simpson  (op,  cit,  8)  prescribed  nickel  sulphate  J  to  2  grains 
as  a  gentle  metallic  tonic ;  found  that  large  doses  produced  sickness 
and  nausea,  and  believed  that  nickel  and  manganese  in  their  action 
so  corresponded  with  iron,  that  these  three  metals  might  be  substi- 
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toted  the  one  for  the  other.  Nickel  he  found  completely  successful  in 
a  case  of  severe  periodic  headache  where  quinine  and  other  medicines 
had  failed,  and  he  thought  that  he  had  seen  it  heneficial  in  chlorosis. 

Palmer  (op,  city  9)  prescribed  sulphate  of  nickel  as  a  sedative  in 
painful  affections,  e.//.,  neuralgia,  or  as  a  soporific  where  opium  was 
not  tolerated,  and  always  successfully.  He  states  that  its  use  is  not 
followed  by  disagreeable  sensations,  nor  by  alimentary  demngement 

Buchner  {op,  ciL^  1)  states  that,  according  to  C.  G.  Gmelin's  experi- 
ments, the  cobalt  salts  act  in  general  like  the  nickel  salts.  Ten  grains 
of  cobalt  chloride  injected  into  the  stomach  of  a  dog  induced  only 
repeated  vomitings.  Six  grains  of  cobalt  sulphate  injected  into  the 
stomach  of  a  rabbit  killed  it  in  a  feW  hoUrs ;  p,  m,  the  gastric  mucosa 
at  the  cardiac  end  was  studded  with  dark  red  spots,  and  at  the  greater 
curvature  were  broad  brownisli-rod  spots;  in  the  lungs  Were  two  or 
three  dark  red  parts  of  the  size  of  a  lentil,  and  which  could  not  be 
displaced.  Three  grains  of  the  sulphate  dissolved  in  2  drachms  of  water, 
and  injected  into  the  jugular  vein  of  a  small  dog,  caused  in  one  minute 
vomiting,  several  times  repeated,  and  tenesmus  also  appeared;  next 
day  the  vomiting  recurred^  the  animal  was  dull-looking,  and  from  time 
ti>  time  gave  signs  of  pain  ;  the  pulse  was  accelerated  ;  on  the  fourth 
day  death  supervened.  On  dissection  reddened  spots  were  seen  in  the 
stomach  and  duodenum,  and  the  ileum  prcgecting  into  the  colon 
formed  a  Volvulus,  caused  perhaps  by  the  continual  retching  and 
vomiting  during  three  days.  When  6  grains  of  cobalt  chloride  were 
injected  into  the  external  jugular  vein  of  a  small  dog,  there  followed 
some  deep  respirations,  the  heart's  beat  became  inappreciable,  and 
death  supervened  within  half  a  minute.  This  result  appeared  to 
depend  on  a  paralysis  of  the  heart  Twenty-four  grains  of  dry  chloride 
of  cobalt  laid  in  a  wound  in  a  dog's  neck  appeared  to  cause  much  pain, 
in  five  minutes  some  vomiting  followed,  but  the  dog  gradually  got 
better,  and  next  day  was  welL 

Hasselt  {op,  ciL,  10)  states  merely  that  the  Sulphate  and  chloride  of 
cobalt  agree  in  their  physiological  action  on  dogs  and  rabbits,  and  that 
they  have  emetic  properties 

Huseman  {op,  cit,,  3)  says  that  the  salts  of  nickel  and  cobalt  agree 
with  the  chloride  of  manganese  and  the  permanganate  of  potash,  that 

i  drachm  doses  of  the  oxide  of  cobalt  cause  the  death  of  dogs  in  a  few 
ours,  and  24  grains  of  the  chloride  given  endermically  cause  vomiting. 
He  bays  that  the  cobalt  compounds  are  always  met  with  rendered  im- 
pure by  the  presence  of  arsenic,  and  he  ascribes  these  phenomena,  as 
well  as  poisonings  by  Smalt,  to  the  presence  of  that  arsenic. 

Siegen  (op,  cit,  11)  employed  nitrate  and  chloride  of  cobalt  absolutely 
free  from  arsenic,  and  found  cobalt  a  poison  sui  generis,  0*01  gramme 
of  the  substance  killed  a  frog  in  half  an  hour,  and  0*3  gramme  killed  a 
strong  rabbit  weighing  1  5  kilogrammes  in  three  hours.  The  heart's 
action  in  the  frog  falls  to  half  or  quarter  the  normal,  and  in  five  minutes 
it  stands  in  diastole,  neither  mechanical  stimulation  nor  vagal  section 
now  sufficing  to  restore  its  action.  Thus  he  assumes  paralysis  of  the 
cardiac  muscle.  In  the  case  of  rabbits,  0*1  gramme  (mode  of  adminis- 
tration not  stated)  caused  great  dyspnoea,  and  the  pulse  fell  from  178 
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to  128  ;  after  lethal  doses  death  supervened  with  increasing  dyspnoea, 
the  reflex  excitability  remaining.  A  rabbit  received  0*1  gramme  of  cobalt 
(metallic)  as  chloride,  and  in  the  beginning  of  the  poisoning  showed  great 
myosis,  great  dyspnoea,  and  diminution  of  the  pulse  frequency,  which 
symptoms  lasted  two  and  a  half  hours  and  then  completely  disappeared. 

Buchheim  {op,  cit,  6)  applies  the  same  remarks  to  cobalt  as  to 
nickel  Azary's  work  before  quoted  applies  evidently  equally  to  cobalt 
and  to  nickel 

Huppert  {op.  cit,,  12)  almost  leads  one  to  infer  that  the  cobaltous 
salts  are  not  poisonous,  for  he  writes,  "  nickel  and  cobalt  salts  may  be 
absorbed,  and  the  former  are  poisonous." 

In  the  Dispensatory  of  the  United  States  of  America  (Philadelphia,' 
1879),  it  is  stated  that  an  oxide  of  cobalt  prepared  by  precipitating 
the  chloride  with  potassa  fusa  has  been  employed  in  rheumatism,  that  it 
is  emetic  in  doses  of  10  to  20  grains,  and  that  the  salts  of  the  metal  are 
irritant  poisons. 

Summary  of  Premous  Investigations. — ^To  sum  up  all  these 
experiments,  those  of  Gmelin  are  the  most  trustworthy  and 
instructive:  the  sulphate  of  nickel  introduced  into  the  stomach 
acted  as  an  irritant  poison,  while  introduced  into  the  blood  the 
larger  doses  caused  death  by  cardiac  paralysis,  and  the  smaller 
doses  a  train  of  symptoms  which,  as  I  shall  show,  are  in  the 
main  correctly  given,  but  which  are  not  followed  up  sufficiently 
closely.  Most  curious  is  the  inactivity  of  the  salt  laid  in  the 
subcutaneous  tissue,  for  in  my  experiments  subcutaneous  injec- 
tion of  the  solution  was  a  most  excellent  mode  of  administration. 
Azary's  experiments  come  next.  I  too  have  noted  the  increased 
quantity  of  urine,  but  that  is  due,  I  think,  merely  to  the  great 
thirst,  and  consequently  the  large  amount  of  water  ingested.  He 
mentions  the  brown  colour  of  the  urine  and  the  loss  of  pigments 
sustained  by  the  hsp.mocytes.  I  have  never  seen  this  in  my 
acute  cases,  even  where  the  urine  (in  cobalt,  not  in  nickel  cases) 
was  almost  black;  if  be  has  regarded  this  colour  as  due  to 
decomposed  blood  pigment,  which  it  is  not,  then  that  may  have 
led  to  a  mistake  about  the  change  of  the  blood-corpuscles. 
I  have  never  seen  the  rise  of  blood  pressure,  and,  as  I  shall 
amply  prove,  the  fall  of  the  blood  pressure  does  not  depend  on 
the  heart  Gmelin  ascribes  to  cobalt  chloride  pretty  much  the 
same  action  as  to  nickel  sulphate,  but  the  cobalt  salt  did  act 
from  the  subcutaneous  tissue.  Siegen's  experiments  with  cobalt, 
nitrate,  and  chloride  seem  to  show  that  it  paralyses  the  heart 
The  other  authors  notice  the  enteritic  eflfects  mostly. 
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All  these  experiments  have  been  performed  with  salts  of  the 
metal  and  a  strong  mineral  acid — sulphate,  chloride,  nitrate. 
Such  salts  in  watery  solution  have  a  strongly  acid  reaction,  and 
have  a  strong  affinity  for  the  albumins  of  the  tissues,  which  they 
may  coagulate,  although  coagulation  is  not  necessary  for  the 
destruction  of  the  constitution  of  the  tissues  (pp.  cU.,  13).  Thus 
they  may  locally  destroy  tissue,  while  but  little  of  the  metallic 
compound  is  absorbed  into  the  system  generally.  Accordingly 
many  so-called  "  acute  metallic  poisonings  "  are  really  not 
specific,  but  simply  the  results  of  the  local  action  of  caustic 
8ubstance& 

Conditions  of  Experiment. — In  order  to  ascertain  what  is  the 
general  action  of  a  metallic  oxide,  the  combination  in  which  it  is 
administered 

1.  Should  be  readily  soluble  in  watery  media  at  the  tempera- 

ture of  the  blood. 

2.  The  solution  Should  be  neutral  or  just  slightly  alkaline,  for 

otherwise  the  reaction  of  the  blood  may  be  altered  and 
the  whole  metabolism  of  the  body  affected. 

3.  It  should  not  coagulate  proteid  substances  in  neutral  or  in 

alkaline  solution,  nor 
4  Should  it  be  precipitated  by  alkalies  nor  by  the  alkaline 
carbonates,  for  in  these  cases  it  would  not  only  be 
rendered  inert,  but  might  lead  to  embolism  and  other 
conditions,  and  thus  give  rise  to  symptoms  altogether 
apart  from  the  action  of  the  metaL 

5.  It  must  not  contain  any  active  constituent  other  than  the 

metallic  oxide  in  question,  and  thus  the  strong  mineral 
acids  are  not  admissible,  for  they  have  an  action  of  their 
own. 

6.  It  must  not  locally  excite  more  than  any  other  soluble  and 

pharmacologically  indifferent  salt,  so  that  substances 
with  a  "  caustic  "  action  are  clearly  unsuited. 
Many  efforts  have  lately  been  made  to  produce  preparations 
which  would  satisfy  these  conditions,  e.g.,  double  salts  of  mineral 
acids,  and  sodium  with  zinc,  copper,  platinum,  and  lead  re- 
spectively. Then  also  compounds  of  the  metallic  oxide  with 
organicbodies,  such  as  mercuric  oxide  with  glycocoll^  asparagin, 
and  alanin,  first  prepared  by  Dessaignes,  and  employed  by 
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v.Mehring;  plumbic  oxide  with  tri-ethyl  acetate  employed  byHar- 
nack,  a  compound  which  was  not  very  suitable,  for  it  had  an  action 
peculiar  to  itself  as  a  compound,  the  lead  action  supervening 
later  on  in  the  case ;  ferric  oxide  as  a  double  salt  with  sodium 
and  tartaric  acid  ;  and  various  other  oxides  combined  with  pep- 
tones, and  so  on.  Some  of  these  are  suitable,  some  are  not,  e.g,, 
the  tri-ethyl  lead  acetate. 

In  my  first  experiments  I  used  the  double  tartarate  of  sodium 
and  nickelous  oxide,  but  found  this  unsuitable,  since  it  can  be 
preserved  only  in  acid  or  strongly  alkaline  solution.  Then  I 
tried  a  double  salt  made  by  dissolving  nickelous  carbonate  in  a 
solution  of  pyrophosphate  of  soda,  but  this  proved  too  weak  as  a 
solution  of  nickel,  and  I  afterwards  found  that  it  was  strongly 
active  from  its  pyrophosphatic  side.  Next  a  solution  of  simple 
nickelous  citrate  rendered  alkaline  with  caustic  soda  also  soon 
gave  a  rich  precipitate.  Finally,  I  found  the  compound  which 
I  have  used  in  my  experiments.  It  was  first  prepared  by  Heldt. 
I  prepare  it  thus : — Dissolve  two  paits  of  crystallised  citric  acid 
in  a  small  quantity  of  distilled  water,  and  with  the  aid  of  heat  so 
as  to  make  a  syrupy  solution,  neutralise  this  solution  with  strong 
caustic  soda  solution,  and  to  the  neutral  solution  add  one  part 
more  of  the  acid  and  let  it  dissolve.  Dissolve  sulphate  of  nickel 
in  hot  water,  and  precipitate  with  sodic  carbonate.  Dissolve  the 
freshly  precipitated  and  thoroughly  washed  nickelous  carbonate 
in  the  solution  of  acid  citrate  of  soda  with  the  aid  of  heat.  The 
mixture  may  require  to  be  raised  to  the  boiling  point ;  allow  it  to 
cool,  and  then  filter.  The  filtrate  is  of  a  beautiful  apple-green 
colour,  and  forms  a  glass  when  it  is  evaporated.  It  may  be  too 
alkaline,  in  which  case  some  citric  acid  must  be  added  to  approxi- 
mate the  alkalinity  to  that  of  the  blood,  It  is  perfectly  stable, 
and  may  be  administered  by  all  the  modes.  The  cobalt  salt  is 
produced  in  exactly  the  same  manner  and  has  the  characteristic 
purple  colour.  I  have  found  the  same  combination  suitable  for 
iron  and  for  manganese. 

These  solutions  satisfy  my  conditions,  for  they  may  contain 
10  per  cent,  of  the  metallic  oxide,  may  be  rendered  just  alkaline, 
do  not  precipitate  blood  serum,  nor  are  they  precipitated  by 
alkalies  or  alkaline  carbonates  when  these  are  added  to  them  in 
any  proportion.    Their  sodium  and  citric  acid  in  a  lethal  dose  of 
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the  compound  are  Id  so  small  amount,  aud  their  intrinsic  action 
is  so  unimportant,  that  the  only  active  constituent  is  the  metallic 
oxide.  Locally,  they  may  be  applied  to  tongue,  muscle,  and 
nerve  without  causing  the  slightest  irritation. 

The  chemicals  which  I  used  were  obtained  from  Merck  of 
Darmstadt.  They  were  always  tested  by  the  Marsh  method  for 
arsenic,  and  were  always  found  to  be  arsenic  free. 

The  dose  is  always  reckoned  as  "oxide  per  kilogramme" 
animal. 

Post-mortem  examinations  were  made  in  all  cases^ 

The  animals  experimented  on  were  frogs,  fish,  pigeons,  rats, 
guinea  pigs,  rabbits,  cats,  and  dogs,  and  the  experiments  numbered 
about  two  hundred. 


A.  General  Action  of  the  Salts  of  Nickd  amd  Cobalt  on  Frogs, 

The  action  is  best  seen  when  a  large  dose  is  injected  into  the 
dorsal  lymph  sac ;  the  phenomena  are  seen  long  before  all  the 
dose  is  absorbed,  but  by  the  large  dose  the  needful  tension  of 
the  poison  is  attained.  First  the  colour  of  the  skin  all  over  the 
body  becomes  darker  and  mor^  uniform,  and  not  unfrequently 
a  white  froth  like  a  soap  lather  is  abundantly  produced  all  over 
the  integument  Now  follows  an  interval,  often  of  about  twenty 
minutes,  during  which  the  frog  sits  quite  quietly  with  the  eyes 
retracted  and  shut.  If  it  be  molested  now  it  moves,  but  in  a 
clumsy  manner,  and  soon  comes  to  rest  In  this  resting  state 
the  fore  limbs  seem  weak,  and  the  hind  limbs  are  drawn  up  in 
a  most  peculiar  fashion — the  limbs  are  altogether  too  much  drawn 
ap,  the  thighs  are  so  jammed  up  against  the  body  that  they  come 
to  lie  on  the  dorsal  aspect  of  the  sides  of  the  animal,  and  the 
legs  are  so  much  flexed  that  the  feet  lie  on  the  animal's  back, 
quite  internal  to  the  planes  of  the  thighs.  At  this  stage  the 
dorsal  decubitus  is  tolerated.  Soon  some  fibrillary  twitchings 
are  observed  in  the  muscles  of  the  abdominal  wall,  then  feeble 
twitchings  of  the  fingers  and  muscles  of  the  fore  limbs  generally, 
lastly  the  toes  are  seen  to  twitch,  and  then  the  muscles  of  the 
hind  limbs  generally.  This  order  is  always  observed.  These 
twitchings  become  more  and  more  pronounced,  and  are  followed 
by  distinct  cramps.    Now  spasmodic  gaping  may  be  observed. 
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and  if  the  animal  is  made  to  move  it  moves  incoordinately ; 
between  the  cramps  the  twitchings  persist.  The  symptoms  at 
this  stage  are  extremely  like  those  produced  by  picrotoxin.  In 
a  short  time,  and  suddenly,  true  and  absolute  tetanic  attacks 
supervene,  in  which  sometimes  emprosthotonos,  sometimes  opis- 
thotonos, is  the  more  marked ;  now  the  outward  condition  is 
that  of  strychnine  poisoning,  and  good  pharmacologists  have  not 
been  able  to  distinguish  the  two  conditions. 

The  clonic  and  tonic  attacks  now  cease,  and  a  stupefaction  of 
the  animal  sets  in.  In  this  condition  either  it  will  retain  the 
dorsal  position  indefinitely  long,  or  if  it  tries  to  turn  round  it 
cannot  do  so.  Seemingly  a  voluntary  motor  paresis  has  set  in, 
while  the  reflex  motion  called  forth  by  percussing  the  toes  is 
decidedly  increased.  The  respiratory  movements  of  the  pharjm- 
geal  floor  are  extremely  irregular,  and  the  paresis  becomes  com- 
plete paralysis.  The  heart — not  laid  bare — beats  more  and 
more  slowly  and  feebly,  the  respiratory  movements  cease  alto- 
gether, and  death  gradually  and  imperceptibly  supervenes. 
Post-mortem — rigor  mortis ;  at  most  slight  congestion  of  alimen- 
tary tract ;  heart  with  the  auricles  dilated,  and  filled  with  dark 
blood ;  ventricle  mostly  small,  pale,  and  semi-contracted.  For 
some  time  after  death  the  nerve  trunks  and  muscles  react  to  the 
induction  stream. 

B.   Experiments  to  ascertain  the  injltience  of  Nickel  and  Cobalt 
Salts  on  the  function  of  Striped  Mnsde. 

Considering  the  interesting  results  obtained  by  Hamack 
{op.  dt.,  14)  as  to  the  action  of  lead  of  copper  and  of  zinc  on 
striped  muscle,  and  considering  the  statements  made  with  regard 
to  cardiac  paralysis  as  one  of  the  outstanding  features  of  nickel 
and  cobalt  poisonings,  it  became  a  matter  of  importance  to 
ascertain  the  efiect  of  these  metals  on  striped  muscle  work. 

These  experiments  were  carried  out  with  the  Kronecker-Tiegel 
apparatus  (pp.  cit,,  15)  and  with  Eosenthal's  "  Frosch-Caroussel " 
(op.  dt.,  16),  which  is  a  modified  form  of  Fick's  "Arbeit- 
Sammeler."  The  method  pursued  is  set  forth  in  minute  detail 
by  Kobert  (op.  cit.,  17),  but  shortly  it  is  as  follows :  one  gastro- 
cnemius of  the  normal  frog  is  excised,  and  hanging  vertically  is 
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attached  by  its  upper  end  to  a  pair  of  muscle  forceps,  and  by  the 
tendo-achilles  to  a  lever,  and  this  lever  is  provided  with  a  style 
at  its  end,  and  the  style  impinges  on  the  smoked  enamelled  paper 
applied  to  the  revolving  cylinder.  Platinum  wires,  coming  from 
the  secondary  coil  of  a  Du  Bois-Beymond  induction  machine, 
are  thrust  through  each  end  of  the  muscle.  Two  Grove's  cells 
are  connected  with  a  Bowditch  clock,  and  the  clock  is  usually 
set  so  that  the  current  is  closed  every  four  seconds.  By  this 
closure  a  bar  of  soft  iron  is  converted  into  an  electromagnet,  and 
a  lever  is  pulled  down,  the  Kymograph  cylinder  is  permitted 
to  revolve  through  a  small  distance,  and  an  induced  shock  is 
communicated  directly  to  the  muscle,  which  consequently  con- 
tracts, and  raising  the  lever  makes  an  ordinate  on  the  smoked 
paper.  A  weight  is  attached  to  the  lever,  so  that  each  ordinate 
means  that  the  muscle  has  raised  that  weight  through  that 
distance,  and  the  sum  of  the  ordinates  expresses  the  whole  work 
done  by  the  muscle.  Ordinates  continue  to  be  taken  until  the 
muscle  is  exhausted.  By  ligaturiug  the  leg  before  the  operation 
no  blood  is  lost  to  the  frog.  The  temperature  of  the  room  is 
kept  as  nearly  as  possible  constant  The  frog  is  poisoned,  and 
when  the  desired  stage  of  the  metaVs  action  is  reached,  the  other 
gastrocnemius  is  prepared  in  the  same  manner,  stimulated  by  the 
same  strength  of  shock,  at  the  same  intervals  of  time  as  in  the 
case  of  the  normal  muscle,  and  thus  the  work  of  the  poisoned 
muscle  is  ascertained.  A  long  series  of  control  experiments 
show  that  if  both  muscles  were  normal  they  would  yield  the 
same  result,  although  an  interval  of  several  hours  may  elapse 
before  the  second  gastrocnemius  is  operated  on.  Thus  it  was 
experimentally  proved  that  to  operate  on  the  one  gastrocnemius, 
to  poison  the  frog,  and  in  due  time  operate  on  the  second  muscle, 
does  not  impair  the  results  for  comparison. 

Kebler  {op.  dt.,  18)  and  von  Mehring  {op.  cit.,  19)  state  that 
in  animals  about  to  die  of  platinum  and  mercury  poisoning 
respectively,  the  muscular  excitability  is  diminished,  but  by  the 
Kronecker-Tiegel  method  a  diminution  may  be  detected  much 
earlier  than  they  found  by  the  Du  Bois-Eeymond's  coil  and 
simple  inspection  ;  it  may  thus  be  found  in  animals  that  eventu- 
ally do  not  die  of  the  poisons.  Similar  results  are  given  for 
arsenic  by  Lesser  {op.  cU.,  20)  and  for  antimony  by  Soloweitschky 

VOL.  xvn.  G 


Digitized  by 


Google 


98  DR.  T.  P.   ANDERSON  STUART. 

{op,  cU.,  21).  It  is  the  same  in  the  case  of  copper  and  zinc  and 
in  all  these  cases  as  in  the  normal  and  in  nickel  and  cobalt,  the 
line  joining  the  summits  of  the  ordinates  is  straight  The 
ordinates  drawn  by  a  muscle  poisoned  with  lead  are  of  irregular 
lengths,  longer  and  shorter  ones  succeeding  each  other  without 
definite  order,  and  thus  the  line  joining  their  summits  has  an 
undulating  course  as  it  falls  from  the  summit  of  the  highest 
ordinate  to  the  abscissa. 

The  following  table  gives  the  results  of  some  of  these 
experiments. 

In  1  and  in  2  the  poisoned  muscle  actually  yields  more  than 
the  normal  one,  due  to  the  higher  temperature ;  and  the  male 
frog  yields  more  than  the  female  because  of  the  large  size  of  the 
ovaries  at  the  time.  When  we  consider  the  numerous  factors 
influencing  muscle  work  (Robert,  loc.  cit,),  and  compare  the  work 
done  by  the  poisoned  muscles  and  by  the  normal  muscle  of  the 
same  frog,  or  of  frogs  of  the  same  size  and  sex,  we  see  that 
neither  nickel  nor  cobalt  have  any  appreciable  efifect  on  striped 
muscle.  Thus  they  difter  from  platinum,  arsenic,  antimony, 
mercury,  lead,  and  from  iron,  in  large  doses — all  of  these 
diminishing  the  work  yielded.  Small  doses  of  iron  increase  the 
muscle  work  (Kobert). 

C.  Action  on  the  Nervous  System  of  the  Frog. 

If  the  sciatic  nerve  of  one  side  be  severed,  and  the  frog  now 
poisoned,  the  twitchings  and  other  motor  signs  appear  only  on 
the  intact  side,  and  if  while  the  cramps  are  present  the  spinal 
cord  be  destroyed  or  the  sciatic  nerves  divided,  then  they  cease. 
Clearly  then  they  are  not  due  to  any  excitement  of  muscle  and 
peripheral  motor  nerve  ending,  or  motor  nerve  fibre — they  are 
due  to  an  excitement  of  the  central  nervous  system.  This 
might  be  supported,  if  need  be,  by  these  facts,  viz.,  that  they 
always  appear  in  the  order  given,  and  that  when  the  artery 
of  the  limb  is  tied  previous  to  poisoning,  they  appear  still. 
If  the  encephalon  be  laid  bare,  and  the  frog  now  poisoned,  then 
when  the  twitchings  and  cramps  are  present,  the  fore-brain 
severed  from  the  mid-brain,  then  the  mid-brain  from  the  hind- 
brain,  then  the    myelon    from    the    encephalon,    the    motor 
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symptoms  still  persist ;  thus  they  are  due  to  an  excitement  of 
the  myelon.  This  excitement  of  the  spinal  centres  is  probably 
succeeded  by  their  paralysis — certainly  the  muscle  remains 
excitable  through  the  nerve  for  long  after  death,  and  the  muscle 
work  experiments  show  that  that  is  not  diminished,  and  the 
reflex  excitability  at  first  exalted  is  then  gradually  abolished. 

Whether  or  not  there  is  any  affection  of  cerebral  centres  is 
doubtful.  The  peculiar  attitude  and  the  cramps  in  the  early 
Stage  give  quite  the  impression  of  poisoning  by  picrotoxin, 
cicutoxin,  toxiresin,  and  other  members  of  this  group  {op,  cU.,  22). 
Bcehm  and  Mickwitz  (op.  cit,  23)  refer  barium  (chloride  and 
acetate)  to  this  group.  Barium  causes  a  peculiar  attitude,  but 
different  from  the  nickel  and  cobalt  attitude — the  thigh  is 
extended,  the  knee  is  flexed,  and  thus  the  soles  are  applied  to 
0ach  other.  Fibrillary  twitchings.  clonic  and  tonic  spasms, 
and  paralysis  of  voluntary  motion  are  also  here  noted.  They 
record  also  a  symptom  which  I  noted  in  my  experiments  with 
nickel  and  cobalt,  namely,  a  shrill  piercing  cry,  utterly 
unlike  the  sounds  usually  emitted  by  frogs,  and  they  I  think 
rightly  attribute  it  to  simultaneous  spasm  of  the  muscles  of  the 
abdominal  wall  of  the  glottis.  Huseman  {op.  cU.,  22)  thinks 
that  this  cry  is  due  to  pain  from  the  enteritis,  which  he  thinks 
also  accounts  for  the  other  symptoms  in  frogs,  and  thus  he  does 
not  admit  barium  as  a  member  of  the  picrotoxin  group.  This 
assumption  certainly  will  not  do  for  nickel  and  cobalt,  for  I 
have  never  seen  good  evidence  of  enteritis  in  frogs,  and  in 
mammals  signs  of  pain  are  neither  frequent  nor  unequivocal. 
Huseman  regards  the  convulsions  of  mammals  in  barium 
poisoning  as  due  to  cardiac  paralysis  aud  asphyxia — that  does 
not  apply  for  nickel  and  cobalt,  and  probably  not  for  barium 
either. 

:  Kebler  (dp.  cU.,  18)  found  for  platinum  a  similar  train  of 
symptoms,  but  describes  no  peculiar  attitude.  The  muscle 
substance  is  affected,  although  voluntary  motion  is  suspended 
long  before  the  affection  of  the  muscle  substance  is  very 
marked.  He  says  that  the  jerkings  and  cramps  are  like  those 
caused  by  the  picrotoxin  group.  Iron  (Meyer  and  Williams, 
op.  dt.,  24)  causes  in  acute  poisonings  slight  motor  excitement, 
followed  by  paralysis,  and  tin  (White,  op.  cit.,  25)  does  likewise. 
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These  then  are  the — ^in  this  connection — most  recent  accounts 
of  the  actions  of  the  metallic  oxides,  and  we  see  that  nickel  and 
cobalt  have  a  somewhat  peculiar  action  on  the  nervous  system 
of  the  frog,  agreeing  most  closely  with  platinum  and  barium, 
but  differing  from  iron.  It  is  probable  that  nickel  and  cobalt 
do  paralyse  to  some  extent  the  cerebrum,  as  shown  partly  by 
the  retention  of  the  dorsal  decubitus  and  by  the  succeeding 
stupefaction. 

D.  Action  on  the  Blood  and  on  the  Vascular  System  of  the  Frog, 

I  have  never  noticed  any  change  in  the  appearance  of  the 
red  blood-corpuscles  of  the  frog  in  acute  cases  of  poisoning  with 
nickel  and  cobalt  Azary  states  that  he  has  seen  the  blood- 
corpuscles  of  the  frog  fall  to  pieces,  but  then  he  used  a  2  per 
cent  solution  of  cobalt  nitrate,  and  a  2  to  5  per  cent,  solution  of 
nickel  nitrate  salts,  which  by  no  means  satisfy  the  strict  phar- 
macological coDditious  set  forth  in  the  beginning  of  this  paper. 
When  I  mix  my  strongest  solutions  with  blood,  no  other  change 
is  seen  in  the  corpuscles  than  would  be  caused  by  any  other 
indifferent  salt. 

When  the  frog's  heart  is  exposed,  the  pericardium  being  left 
unopened,  it  is  seen  to  beat  more  and  more  slowly,  to  become 
smaller  and  paler,  and  not  to  contract  evenly  throughout  the 
extent  of  the  ventricle,  but  the  rhythm  of  the  auricular  and 
ventricular  contractions  is  never  lost.  When  the  abdomen  is 
now  compressed,  or  when  the  frog  is  simply  inverted,  the  heart 
swells  up,  fills  with  blood,  and  beats  well  enough  again  for  a 
time  at  least 

Vagal  section  and  atropia  prove  that  there  is  no  excitement 
of  the  cardio-inhibitory  mechanism.  The  result  of  the  experi- 
ments on  the  muscle  work  of  the  frog,  and  the  powerful 
cardiac  contractions  following  the  filling  of  the  heart  with 
blood,  render  it  extremely  improbable  that  there  is  any 
paralysis  of  the  cardiac  muscle.  Probably  there  is  first  a 
vasomotor  paralysis  of  the  abdominal  blood-vessels,  the  blood 
pressure  falls,  the  heart  is  not  nourished  as  it  should  be, 
nor  is  the  endocardium  stimulated  by  the  blood  within  the 
ventricle,  therefore  the  heart  is  small,  and  its  contractions  are 
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fewer  and  feebler,  all  the  more  since  the  pharyngeal  respiratory 
movements  are  by  this  time  suspended.  It  is  not  likely  that 
the  motor  ganglia  of  the  heart  are  seriously  affected,  because  of 
the  heart  beating  well  when  it  is  filled  with  blood,  and  because 
the  rhythm  is  never  disturbed. 

Of  the  other  metals,  the  above-mentioned  authors  state  that 
iron  has  not  any  effect  on  the  frog's  heart,  tin  weakens  and 
renders  it  anaemic  from  a  nervous  paresis,  mercury  slows  and 
makes  its  action  irregular,  and  may  so  disturb  its  rhythm  that 
two  auricular  contractions  precede  one  ventricular,  barium  has 
quite  a  digitalis-like  action,  platinum  affects  the  cardiac  muscle 
less  than  voluntary  striped  muscle. 

E.  Experiments  on  Pigeons  and  Guinea-Pigs, 

The  experiments  on  pigeons  are  but  four  in  number,  and  were 
performed  only  with  nickel,  administered  subcutaneously.  There 
is  first  a  dulness  and  stupor,  then  feebleness  of  voluntary  move- 
ment, jerkings  of  dififerent  sets  of  muscles,  unsteadiness  of 
motion,  and  death  ensues  quietly;  as  far  as  was  noticed,  a 
paralysis  of  the  voluntary  motor  apparatus  preceded  it.  Post- 
mortem— rigor  mortis  well  marked,  blood  normal,  cardiac  ven- 
tricles semi-contracted  and  pale,  some  congestion  of  the 
intestinal  mucosa. 

Hamack  experimented  with  lead  on  pigeons,  and  found  the 
effects  quite  comparable  to  the  symptoms  in  the  cases  of  rabbits 
and  dogs. 

On  guinea-pigs  two  experiments  were  performed  with  nickel 
and  two  with  cobalt,  the  metals  being  administered  subcutane- 
ously. In  all  cases  only  a  dulness  or  stupefaction,  followed  by 
weakness  of  the  extremities,  especially  the  hind  limbs,  was 
noticed.  In  the  nickel  cases  nothing  pathological  was  found 
post-mortem.  In  the  cobalt  cases  some  gastric  congestion  and 
small  haemorrhages  in  the  mucosa. 

F.  Experiments  on  Bats, 

The  symptoms  manifested  after  subcutaneous  injection  of  the 
nickel  salt  are  almost  entirely  nervous.    They  become  less  noisy, 
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less  c^isily  excited,  drowsy  and  apathetic,  though  there  is  a  certain 
restlessness  withaL  After  the  larger  doses  a  paralysis  of  the 
hind  legs  now  appears,  and  gradually  extends  over  the  body, 
and  the  respiratory  movements  become  slower  and  more  laboured. 
The  breathing  becomes  shallow  and  irr^ular,  the  general  par- 
alysis completes  itself,  and  death  ensues  quietly.  With  the 
smaller  doses  this  drowsiness  and  apathy  may  not  be  developed, 
or  may  pass  off  again ;  so  complete  is  the  apathy  sometimes  that 
fierce  male  rats  may  be  handled  with  perfect  impunity.  During 
this  stage  the  ears  and  feet  appear  decidedly  redder.  Eventually 
with  smaller  doses  a  stage  of  motor  excitement  supervenes,  and 
this  may  be  expressed  by  irregular  movements  of  the  fore  legs, 
by  unsteadiness  while  walking,  or  by  a  constant  chorea-like 
tremor  of  the  whole  body.  In  one  case,  while  the  animal  lay 
on  its  side  affected  with  voluntary  paralysis,  the  fore  legs  moved 
as  if  in  swimming  or  in  running.  In  another  case  there  were 
peculiar  spasmodic  swayings  from  side  to  side ;  following  this 
motor  excitement  comes  motor  paralysis,  the  congested  parts 
become  pale,  the  temperature  of  the  body  falls,  and  death 
supervenes  as  above  indicated.  Post-mortem  examination  dis- 
closes nothing  pathological ;  the  auricles  are  always  distended 
with  dark  fluid  blood,  the  ventricles  pale  and  semi-contracted, 
blood-corpuscles  normal. 

The  experiments  on  rats  with  cobalt  give  a  similar  train  of 
symptoms  to  those  given  by  nickel,  in  one  case  only  diarrhoea 
was  noticed.  The  dissections  showed  either  nothing  patho- 
logical, or  some  vascular  injection  of  the  alimentary  mucous 
membrane. 

Eats,  on  the  whole,  are  somewhat  unsatisfactory  animals  to 
experiment  on ;  and  since  the  results  of  these  experiments  are 
in  complete  accordance  with  the  results  in  the  case  of  the  larger 
animals,  I  shall  defer  any  comment  until  I  speak  of  rabbits  and 
dogs. 

6.  JExperimerUs  on  Babbits. 

Acute  poisoning  may  be  induced  through  the  stomach,  or  by 
injection  subcutaneously  or  intravenously.  First  there  is  an 
acceleration  but  no  irregularity  of  the  pulse,  the  respiratory 
movements  are  quicker,  often  irregular,  and  not  unfrequently 
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they  are  extensive,  and  as  if  voluntarily  deep  and  laboured. 
When  the  injection  is  directly  into  the  blood,  except  it  be  very 
slowly  performed,  spasms  of  the  whole  body  appear,  and  urine 
and  faeces  are  discharged ;  sometimes  there  is  myosis.  If  the 
animal  be  now  freed  from  the  holder  it  appears  stupefied,  and  is 
paralysed.  The  paralysis  may  afifect  only  the  hind  legs  or  only 
the  fore  legs,  or  all  four — the  hind  legs  lying  together,  the  fore 
legs  thrown  outwards  each  to  its  own  side,  so  that  the  animal's 
breast  rests  on  the  ground.  The  cervical  muscles  may  be  so 
weak  that  the  head  is  not  held  up.  Diarrhoea  now  appears,  and 
persists  more  or  less  till  death.  If  the  dose  be  very  large,  the 
animals  may  not  recover,  but  simply  die  without  other  note- 
worthy symptom.  Short  of  that,  however,  recovery  from  this 
paralytic  state  ensues,  and  now  the  reflexes  are  decidedly  in- 
creased, so  that  the  slightest  excitation  may  cause  the  animal  to 
cower  together  and  tremble  all  over.  Now  appear  twitchings 
and  contractions  of  individual  groups  of  muscles,  and  this  ex- 
citement becomes  general  Bespiration  becomes  slower  and 
more  diflBcult,  and  sometimes  there  is  now  a  well-marked 
dilatation  of  the  vessels  of  the  ears  and  fundi  occulL  One  or 
more  violent  convulsions  come  on,  the  breathing  is  the  longer, 
the  slower,  and  the  more  difficult,  and,  after  a  convulsion, 
death  follows.  If  the  thorax  be  now  opened,  the  heart  is 
found  beating  well  and  regularly,  and  it  continues  to  do  so 
for  some  minutes. 

When  the  course  of  the  case  is  subacute  or  chronic,  the 
paralytic  symptoms  are  less  marked,  while  the  excitement 
symptoms  are  more  marked,  more  varied  in  their  character, 
and  more  persistent,  and  loss  of  appetite,  emaciation,  and 
anaemia  appear. 

Fosi-mortem. — Rigor  mortis  well  marked,  blood  dark  cherry 
red,  fluid  or  coagulated.  Almost  constantly  numerous  little 
extravasations  of  blood  in  the  gastric  mucosa,  and  also,  though 
less  constantly,  in  the  intestinal  mucosa.  In  the  stomach  they 
may  be  confluent,  and  thus  form  a  great,  nearly  black  area  that 
may  be  covered  by  a  slimy,  dark  coloured,  blood-stained  layer  of 
mucus  and  debris  of  tissue,  or  the  spots  may  have  become 
ulcers  covered  by  a  distinct  scab.  In  the  intestine  the  destruc- 
tion of  tissue  never  went  so  far,  and  the  continuity  of  the 
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mucosal  surface  was  never  broken;  nothing  pathological  else- 
where. In  certain  cobalt  cases  small  extravasations  in  the 
pleurae  pulmonales,  endo-  and  epicardium. 

The  diarrhoea  is  first  the  passage  of  the  solid  balled  faeces 
already  present  in  the  intestine^  but  soon  the  faeces  become  thin 
and  fluid;  I  have  never  seen  them  bloody.  This  diarrhoea  is 
certainly  quite  independent  of  the  food,  for  other  animals 
similarly  fed  showed  none  of  it.  The  appetite  may  remain 
unimpaired.  In  one  case,  after  a  single  dose  of  nickel 
administered  subcutaneously,  it  recurred  at  intervals  during 
a  period  of  thirty  days,  and  it  might  have  persisted  longer  had 
not  the  animal  been  killed.  When  Boehm  and  Mickwitz  opened 
the  abdomen,  after  the  injection  of  barium  salt  into  the  blood, 
they  saw  the  intestine  so  firmly  contracted  that  it  looked  like  a 
white  cord ;  to  this  increased  peiistalsus  therefore  they  ascribe 
the  diarrhoea.  They  seem  to  have  seen  also  the  bladder  con- 
tract. The  found  also  an  enormous  rise  of  the  blood  pressure 
which  they  say  is  due  to  contraction  of  the  lamina  of  the  smaller 
vessels;  thus  barium  seems  to  cause  a  widespread  contraction 
of  non-striped  muscle — whether  due  to  intrinsic  changes  of  the 
muscle  substance  or  to  excitation  through  the  nervous  system 
they  leave  undecided  The  same  causes  probably  operate  in 
the  case  of  nickel  and  cobalt,  but  only  for  the  first  passage  of 
intestinal  contents.  The  subsequent  diarrhoea  is  probably 
due  mainly  to  increased  secretion  of  fluid  by  tbe  intestinal 
mucosa.  This  is  certainly  not  due  to  local  irritation  of  the 
mucosa,  because  large  quantities  of  the  salt  introduced  per 
08  may  have  little  efiect,  and  the  quantity  of  nickel  or  of 
cobalt  secreted  by  the  mucosa  though  appreciable  is  yet  very 
small,  and  the  bile  is  not  remarkably  increased  in  quantity,  nor 
is  its  quality  altered,  except  that  it  contains  a  small  quantity  of 
the  metal  Undoubtedly  a  gastro-euteritis  develops  itself  prob- 
ably through  some  unexplained  action  of  the  nervous  system. 
Also  in  acute  tin,  lead,  platinum,  arsenic  (Unterberger,  op. 
eii.,  26),  and  iron  poisonings,  and  after  mercury  given  sub- 
cutaneously diarrhoea  is  noticed,  and  in  platinum  cases  it  may 
be  bloody.  Kebler,  speaking  of  platinum,  thinks  that  the 
enteritis  is  sufficiently  accounted  for  by  the  extreme  dilatation 
of  the  abdominal  blood-vessels.    This  explanation  does  not  suffice 
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for  nickel  and  cobalt,  for  I  have  frequently  seen  marked  diarrhoea 
where  there  was  no  such  vascular  dilatation,  and  but  trivial 
local  changes  in  the  mucosa  even. 

The  nervous  symptoms  are  altogether  very  complex.  The 
tonic  and  clonic  cramps  that  are  constantly  observed  on  some- 
what rapidly  injecting  the  poison  into  the  blood  directly  are 
noted  in  barium  poisoning  too,  and  are  certainly  of  purely 
nervous  origin.  They  are  not  due  to  an  asphyxic  state,  as  the 
blood  pressure  experiments  show.  The  experiments  on  frogs, 
the  decidedly  nervous  symptoms  in  subacute  and  chronic  cases, 
the  non-occurrence  of  the  asphyxic  state,  and  the  after-coming 
paralysis,  all  point  to  the  spinal  cord  as  the  seat  of  origin  of 
these  initial  cramps. 

The  affection  of  the  spinal  cord  is  the  outstanding  feature  in 
the  cases.  The  reflex  excitability  is  enormously  increased,  so 
that  pinching  the  foot  of  the  animal,  or  even  stamping  one's  foot 
heavily  on  the  floor,  may  call  forth  a  general  tremor  or  a  violent 
convulsion.  Spontaneously  there  may  be  merely  a  tremor  or 
shiver  all  over,  or  the  movements  may  be  such  as  to  resemble 
paralysis  agitans  of  man.  In  one  case  (a  dog)  the  picture  was 
entirely  that  of  chorea  in  man.  Particularly  towards  the  end  of 
the  case  the  contractions  become  more  violent  and  extensive,  and 
now  perfect  tetanic  attacks  may  supervena  In  the  intervals  the 
animal  is  the  subject  of  complete  voluntary  paralysis.  The 
cramps  are  not  due  to  asphyxia,  since  the  respiration  and  circu- 
lation may  be  quite  unimpaired  when  the  cramp  suddenly  comes 
on.  Sometimes  cries  are  uttered,  may  be  due  to  pain,  but 
usually  to  simultaneous  spasm  of  the  muscles  of  the  glottis  and 
of  the  trunk. 

Consciousness  seems  to  be  retained  during  the  paralysis,  as 
Harnack  found  also  in  his  lead  experiments.  Sometimes  there 
seems  to  be  a  psychical  exaltation  as  noticed  by  v.  Mehring  in 
mercury  poisoning,  and  by  White  in  tin  poisoning  (foe.  cU.). 

A  gravid  animal  aborted  after  six  daily  doses  of  l^d  mgr. 
nickel  oxide  subcutaneously,  all  the  young  being  dead-born. 
Two  other  cases  showed  the  peculiar  so-called  manage  move- 
ments. 
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H.  EosperimerUs  <yn  Cats  arid  Dogs. 

Since  I  have  not  noticed  any  notable  difference  in  the  symp- 
toms of  nickel  and  of  cobalt  poisonings  of  cats  and  dogs,  it  is 
convenient  to  group  these  experiments  under  one  heading. 

When  the  solutions  are  injected  directly  into  the  blood,  and 
particularly  when  the  injection  is  somewhat  rapidly  carried  out, 
there  is  here,  as  in  rabbits,  a  general  motor  excitement.  With 
this,  or  following  closely  upon  it,  the  urine  and  faeces  are  dis- 
charged, and  violent  retching  and  vomiting  appear.  When  the 
injection  is  slowly  performed,  or  when  the  dose  is  administered 
subcutaneously,  this  motor  excitement  is  not  seen.  When  the 
animal  is  freed  from  the  operation  table,  either  it  lies  down  ex- 
hausted, or  stands  still  a  while  as  if  it  did  not  well  know  what  to 
do,  but  eventually  it  lies  down  or  falls  down,  and  now  the  symp- 
toms are  the  same  whether  after  subcutaneous  or  intravenous 
injection.  As  the  animal  lies  there  the  heart  beats  rapidly, 
strongly,  and  r^ularly;  breathing,  rapid  and  deep;  perhaps 
there  is  myosis,  and  the  retching  continues. 

When  the  dose  is  so  large  as  to  be  speedily  lethal,  the  respira- 
tory movements  become  the  longer  the  more  laboured,  while  the 
heart's  beat  remains  strong  and  regular ;  convulsions  supervene, 
and  are  separated  by  intervals  of  complete  voluntary  motor 
paralysia  Finally,  the  respiration  fails,  a  last  convulsion  with 
expulsion  of  the  excreta,  it  may  be,  ensues,  and  death  takes 
place,  though  the  heart  goes  on  beating  for  some  time  after  the 
stoppage  of  the  respiratory  movements. 

When  the  dose  is  not  so  rapidly  lethal,  and  especially  if 
administered  subcutaneously,  the  course  of  the  case  may  be 
subacute  or  chronic,  and  then  the  following  symptoms  are 
noted : — ^Violent  vomiting  and  absolute  inability  to  retain  any- 
thing in  the  stomach,  not  even  a  little  water  or  milk.  Diarrhoea 
may  be  serous,  but  I  have  never  seen  it  bloody ;  it  may  be  per- 
sistent, or  may  recur  from  time  to  time  only ;  tenesmus  may  be 
marked.  Stomatitis  accompanied  by  difficulty  of  chewing  and 
swallowing,  loss  of  appetite,  great  thirst,  blackening  of  the  teeth, 
softening  of  the  gums,  and  the  emission  of  a  frightful  odour  from 
the  mouth.  There  is  almost  constant  eructation  of  ill-smelling 
gas  from  the  stomach.  The  faeces  in  subacute  and  chronic  cases 
contain  nickel  or  cobalt,  as  the  case  may  be,  become  nearly 
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black,  and  have  a  peculiar  and  characteristic  odour.  The  urine 
of  nickel  cases  remains  of  normal  colour;  but  that  of  cobalt 
cases  becomes  of  a  rich  brown  colour,  of  a  tint  in  proportion  to 
the  dose  of  cobalt,  and  persisting  so  long  as  cobalt  remains  to 
be  excreted — that  is,  sometimes  many  days.  Meanwhile,  the 
animal  gets  emaciated  if  the  case  be  chronic,  and  the  heart's 
action  somewhat  weakens.  The  microscope  shows  no  marked 
change  of  the  red  blood-corpuscles.  The  striking  symptoms  are 
those  referable  to  the  nervous  system.  They  are  in  general  very 
similar  to  those  found  in  the  case  of  rabbits.  In  one  case  the 
dog  had  convulsions  decidedly  epileptiform  in  character,  a  dis- 
tinct tonus  preceding  the  clonus ;  another  had  violent  spasmodic 
strabismus.  In  a  cobalt  dog  there  was  distinct  dyspnoea  from 
spasm  of  the  glottis,  and  another  had  well-marked  trismus.  The 
reflex  excitability  may  meanwhile  be  greatly  exalted. 

If  recovery  ensues,  then  the  symptoms  simply  slowly  abate  ; 
but  if  death  ensues,  the  motor  excitement  becomes  the  longer 
the  worse,  the  cramps  are  separated  by  intervals  of  paralysis,  the 
breathing  becomes  embarrassed,  and  death  ensues  as  in  the  more 
acute  cases. 

Post-mortem  examination  of  different  cases  may  disclose  the 
blood  of  a  very  dark  colour,  and  coagulated  or  not ;  heart  with 
the  auricles  filled  with  blood,  the  ventricles  pale,  semi-contracted, 
or  contracted ;  not  in  the  mesocardium  but  in  the  endocardium 
and  in  the  epicardium  are  small  extravasations,  mostly  numerous; 
they  are  most  numerous  in  the  epicardium  of  the  auricles,  least 
numerous  in  that  of  the  right  ventricle;  in  the  endocardium 
they  are  most  numerous  in  the  left  ventricle  and  on  the  mitral 
valve.  I  have  seen  them  extend  through  the  whole  thickness  of 
a  columna  carnea  or  of  a  papillary  muscle,  but  never  down  into 
the  muscular  substance  of  the  heart's  wall.  Very  frequently 
there  are  large  decolorized  clots  in  the  auricles.  I  have  rarely 
noted  punctiform  extravasations  in  the  pleurae,  and  never  in 
the  lung's  substance.  The  mucosa  of  the  stomach  and  intestine 
— particularly  the  small  intestine  and  rectum — may  be  simply 
congested,  or  there  may  be  extravasations  into  its  substanca  They 
are  most  constant  and  most  marked  in  the  stomach  and  around 
the  pylorus ;  these  may  have  become  quite  confluent,  and  may 
liave  become  ulcers  covered  by  a  slough.    In  the  stomach  may 
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be  masses  of  undigested  food  which  have  lain  there  for  days  and 
acquired  a  most  ofifensive  smell,  and  this  doubtless  accounts  for 
the  eructed  foul  gas.  In  the  intestines  mostly  a  bile-stained, 
never  bloody,  slimy  fluid.  In  one  case  were  infarcts  of  the 
spleen,  and  in  two  others  conjunctivitis.  Nervous  system  quite 
normal,  though  sometimes  trivial  congestion  spots  in  the  pia 
mater  over  the  cerebral  convolutions  were  noticed.  In  the  case 
of  one  nickel  cat  the  mucosa  of  the  intestine  was  covered  by  a 
yellowish  membrane  about  1  mm.  thick,  and  consisting  of  epi- 
thelium and  mucus  chiefly;  the  whole  epithelium  seemed  to 
have  become  detached. 

We  thus  see  that  the  symptoms  in  connection  with  the  ali- 
mentary tract  are  more  prominent  than  in  the  case  of  rabbits. 
All  along  the  tract  there  is  an  inflammation.  The  vomiting  is 
an  extremely  prominent  symptom,  and  may  appear  in  a  few 
minutes  after  the  poison  has  been  injected  intravenously  or 
subcutaueously,  and  its  persistence  and  violence  seems  to  exhaust 
the  animal  immensely.  The  thirst -leads  to  the  ingestion  of 
much  water,  when  that  can  be  borne,  and  this  increases  the 
quantity  of  urine  passed.  I  do  not  think  that  these  metals  have 
any  specific  diuretic  properties  as  Azary  {loc.  cU.)  seems  to  state. 
What  may  be  the  cause  of  these  congestions  and  extravasations 
is  not  very  clear ;  in  the  intestine  we  might  assume  an  inflam- 
mation, but  in  the  epi-  and  endocardium  there  is  no  evidence  of 
this,  and  here  of  course  the  local  action  of  an  irritant  is  out  of 
the  question.  As  Scfamiedeberg  remarks,  we  have  here,  as  in 
arsenious  acid  cases,  conditions  wonderfully  like  those  found  in 
Asiatic  cholera  and  in  poisonings  by  sepsin. 

It  is  possible  that  these  respiratory  changes  may  be  due  to, 
first,  an  excitement,  and  then  a  paralysis  of  the  centre  in  the 
medulla,  for  we  shall  see  that  another  centre  in  the  medulla  is 
affected,  viz.,  the  vaso  motor. 

Hamack  found  these  motor  symptoms  as  well  marked  in  lead 
poisoning  of  dogs,  but  not  of  rabbits,  and  ascribes  them  to 
excitement  of  brain  centres  higher  than  the  medulla,  from  their 
peculiar  constant  jerking  character,  the  non-aflection  of  other 
centres  in  the  medulla,  and,  lastly,  from  the  fact  that  section  of 
the  spinal  cord  stops  them.  In  arsenic  and  barium  poisonings 
they  are  present,  but  are  not  marked,  while  in  platinum  and 
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acute  iron  poisonings  tbey  seem  to  be  awanting.  In  mercury 
poisoning  v.  Mehring  found  this  motor  excitement  in  cats 
expressed  as  movements  like  chorea  minor  in  man« 

I.  Blood  Pressure  Hxperiments. 

These  were  carried  out  on  rabbits,  on  cats,  and  on  dogs,  the 
cannula  being  in  the  carotid,  and  the  metal,  nickel  or  cobalt, 
solution  injected  intravenously. 

Beginning  from  10  to  15  seconds  after  the  injection  there 
is  in  all  cases  a  remarkable  fall  of  the  arterial  blood  pressure, 
and  while  with  the  smaller  more  slowly  injected  doses  the  fall 
may  be  recovered  from,  with  the  larger  and  more  rapidly  injected 
doses  the  fall  is  continuous  till  death.  The  pulse  rate  is  at  first 
increased,  but  afterwards  it  is  decreased.  We  shall  see,  how- 
ever, that  the  pulse  is  not  specifically  aflfected. 

It  was  necessary  to  assure  myself  by  means  of  control  experi- 
ments that  these  effects  were  not  due  merely  to  the  injection  of 
a  saline  solution.  A  quantity  of  solution  of  neutral  sodic  citrate, 
equal  in  bulk  and  in  saline  contents  to  the  metal  solution 
employed,  and  rendered  just  alkaline,  was  similarly  injected.  In 
some  10  seconds  the  pressure  began  to  fall,  the  pulse  to  become 
slow  and  sometimes  irregular;  in  about  10  seconds  more  the 
pulse  began  to  quicken  and  the  pressure  to  rise ;  and  now  the 
pressure  remains  higher  than  the  normal  for  a  minute  or  so,  and 
gradually  returns  to  the  normal,  as  does  the  pulse.  Now,  since 
neutral  sodic  citrate  differs  from  the  metal  double  salt  only  in 
that  the  indifferent  soda  replaces  the  nickelous  oxide,  probably 
the  fall  of  pressure  in  the  experiments  is  exclusively  due  to  the 
metallic  oxide. 

This  fall  of  the  arterial  blood  pressure  may  be  due  either  to 
diminished  force  of  the  heart's  action  or  to  dilatation  of  blood- 
vessels. 

That  it  is  not  due  to  the  heart  is  certain,  because,  first,  the 
muscle  work  experiments  showed  that  striped  muscle  was  not 
affected  by  the  poisons  ;  second,  when  the  force  of  resistance  is 
raised,  either  by  abdominal  compression  or  by  stimulation  of  the 
spinal  cord  in  the  neck,  the  heart  shows  itself  perfectly  fit  to 
cope  with  the  increased  resistance  and  to  maintain  the  average 
blood  pressure  at  a  high  level ;  third,  the  pulse  remains  practically 
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unaffected ;  fourth,  if  the  thorax  be  opened  after  death,  the  heart 
is  seen  to  beat  for  several  minutes,  and  the  rhythm  remains 
undisturbed,  and  if  the  fundus  occuli  be  observed,  the  columns 
of  blood  in  the  vessels  are  found  still  unbroken.  Section  of  the 
vagus  does  not  influence  this  fall,  whether  performed  before  or 
after  the  metallic  injection,  nor  does  the  administration  of 
atropia. 

The  acceleration  of  the  pulse  coincides  with  the  fall  of  the 
pressure,  and  is  seen  only  when  the  vagi  are  intact,  and  conse- 
quently, according  with  Marey's  law,  the  acceleration  is  probably 
simply  due  to  the  fall  of  pressure.  As  the  case  goes  on  the 
pulse  becomes  slower  and  slower,  but  this  in  all  probability  is  to 
be  ascribed  simply  to  the  defective  nutrition  of  the  organ,  owing 
to  the  low  blood  pressure  and  the  lowered  temperature  of  the 
body. 

In  one  solitary  case  of  a  dog  (Expt.  65)  there  seemed  to  be  a 
distinct  slowing  of  the  pulse ;  the  nervous  system  of  the  dog  was 
severely  affected,  and  evidently  there  was  some  vagal  excitement. 

That  the  fall  is  probably  due  entirely  to  dilatation  of  the 
blood-vessels  is  shown  conclusively  by  the  facts  that  abdominal 
compression  raises  the  pressure  very  markedly,  and  that  stimu- 
lation of  the  spinal  cord  in  the  neck  raises  it  to  a  remarkable 
extent ;  this  latter  shows  that  the  efferent  vaso  motor  nerve  fibres, 
the  endings  in  the  smooth  muscle,  and  the  smooth  muscle  of  the 
vascular  walls  remain  unaffected,  and  that  therefore  the  vascular 
dilatation  is  probably  due  to  paralysis  of  the  vaso-motor  centre 
in  the  medulla  This  conclusion  is  supported  by  the  fact  that 
complete  suffocation  of  the  animal  raises  the  blood  pressure  less 
and  less,  and  finally  ceases  to  have  the  slightest  influence  in  the 
way  of  raising  the  blood  pressure,  but  rather  causes  a  fall  of  it, 
probably  due  to  insufficient  respiration  of  the  heart's  substance. 
This  loss  of  excitability  of  the  vaso-motor  centre  takes  place  very 
early  in  the  case,  while  yet  stimulation  of  the  cord  in  the  neck 
brings  about  the  remarkable  rise  in  the  blood  pressure.  Thus  it 
cannot  be  argued  that  this  paralysis  of  the  vaso-motor  centre  is 
merely  due  to  death  of  its  tissues,  seeing  that  the  other  tissues 
of  the  body  for  the  most  part  retain  their  vitality.  Therefore  it 
is  a  specific  action  of  the  metal 

From  the  study  of  a  nickel  case  it  would  seem  as  if  the  vaso- 
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motor  centre,  like  the  other  motor  centres,  is  first  rendered  more 
excitable  and  then  gradually  becomes  paralysed,  for  successive 
suffocations  of  20  seconds  each,  at  intervals  of  about  a  quarter  of 
an  hour,  showed  the  following  rises  of  pressure  in  succession : — 
lOJ,  36,  40J,  26,  14,  6  mm.  Hg.,  while  the  next  suffocation  fur 
20  seconds  caused  a  fall  of  pressure  of  1  mm.  Hg.,  and  so  did 
suffocation  during  the  succeeding  20  seconds. 

Kebler  found  that  stimulation  of  the  peripheral  end  of  the  cut 
spinal  cord  raised  the  blood  pressure  in  platinum  poisoning  less 
and  less  as  the  case  progressed,  and  infers  from  this  that  platinum 
exerts  a  curara-like  action  on  the  endings  of  the  nerves  in  the 
muscle  of  the  vascular  wall.  In  my  experiments  I  also  found 
this  lessening  of  the  rise,  but  in  a  case  where  the  pressui-e  had 
fallen  so  low  as  only  2  mm.  Hg.,  and  the  dog  had  been  curarised, 
and  had  been  having  its  blood-pressure  noted  during  a  period  of 
some  five  hours,  the  cervical  stimulation  was  still  able  to  raise 
the  pressure  to  55  mm.  Hg.  During  this  time  also  the  dog  had 
frequently  been  suffocated,  and  its  spinal  cord  had  frequently 
been  stimulated,  so  that  the  vitality  of  the  tissues  was  reduced 
to  a  minimum,  and  therefore  heart  and  blood-vessels  can  no 
longer  answer  to  the  stimulus  as  they  did  before. 

Azary  says  that  tho  fall  is  due  to  a  purely  local  action  on  the 
heart's  muscle  and  ganglia;  with  that,  of  course,  I  cannot  agree. 

Harnack  found  that  lead  had  no  influence  on  the  vaso  motor 
or  on  the  vascular  system.  Meyer  and  Williams  note  the  fact 
that  in  acute  iron  poisoning  of  cats  suffocation  does  not  raise  the 
pressure  when  it  lias  fallen  very  low,  and  Unterberger  found 
that  in  arsenious  acid  cases  neither  direct  nor  indirect  stimula- 
tion of  the  vaso  motor  centre  suflBced  to  raise  the  pressure ;  and 
finding  that  stimulation  of  the  peripheral  cut  end  of  the  great 
splanchnic  no  longer  contracted  the  vessels  of  the  corresponding 
area,  while  stimulation  of  the  sympathetic  always  contracted 
the  aural  vessels  even  after  death,  he  suggests  the  possibility 
of  a  local  vaso  motor  paralysis  in  the  abdomen.  He  states 
that  there  is  some  cardiac  paresis.  Von  Mehring  found  also 
for  mercury  some  cardiac  paralysis  and  peripheral  vascular 
paralysis. 

Boehm  and  Mickwitz  found  that,  even  after  section  of  the 
spinal  cord,  small  doses  of  barium  salt  iiyected  intravenously 
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raised  the  pressure  very  remarkably,  though  it  afterwards  fell 
to  the  normal,  or,  with  the  smaller  lethal  doses,  to  the  abscissa, 
and  death,  while  the  large  lethal  doses  simply  caused  a  con- 
tinuous fall  till  deatL  They  exclude  the  heart,  and  leave  it 
undecided  whether  the  rise  is  due  to  a  direct  action  on  the 
vascular  muscle,  or  indirectly  through  the  nerve-endings. 

Nickel  and  cobalt  seem  to  resemble  arsenious  acid  most  in 
their  action  on  the  vascular  system,  as  indeed  they  also  do  in 
their  action  on  the  alimentary  tract,  and  to  a  certain  extent  on 
the  nervous  system.  With  regard  to  the  other  metals,  I  am 
convinced  that  much  must  yet  be  done  in  the  way  of  experi- 
mentally localising  their  action. 

K.  Absorption  and  Excretion  of  the  Salts  of  Nickel  and  Cdbait, 

Frogs  painted  with  the  solution  gradually  develop  the  symp- 
toms of  the  poisoning.  From  the  stomach  absorption  does  take 
place,  because  the  metal  may  be  detected  in  the  urine  and  in 
the  faeces,  and  even  death  may  be  caused  in  this  way,  but  with 
difficulty.  For  instance,  a  rabbit  had  introduced  into  its  stomach 
at  intervals  of  six  days  successive  doses  of  100,  200,  and  400 
mgr.  of  NiO  pro  kilo,  animal,  and  showed  no  symptoms  till 
after  the  last  dose,  when  it  died  in  eight  hours,  with  symptoms 
of  adynamia  merely ;  and  a  dog  had  500  mgr.  NiO  pro  kilo,  dog 
in  small  doses  within  fifteen  days,  and  never  showed  anything 
but  several  slight  vomitings.  I  have  never  noticed  any  indica- 
tion of  local  irritation  at  the  point  of  injection — all  the  solution 
being  rapidly  and  entirely  absorbed  and  difiused. 

Excretion  of  the  metals  is  accomplished  chiefly  by  the  urine, 
in  which  they  may  be  detected  for  many  days  after  the  admin- 
istration of  a  single  dose.  For  its  detection  and  isolation  I 
evaporated  the  urine,  incinerated  the  residue,  extracted  the  ash 
with  hydrochloric  acid,  and  from  this  extract  threw  down  the 
black  metallic  sulphide  with  the  sulphuretted  hydrogen  stream. 
In  the  bile  the  metals  were  similarly  detected ;  also  in  the  fseces 
large  quantities  were  found,  but  how  much  was  due  to  the  bile 
and  how  much  to  the  intestinal  secretion  1  did  not  determine. 
That  some  of  the  metal  is  got  rid  of  by  the  intestinal  secretion 
is  evident  from  the  fact  that  high  up  in  the  caecum  of  rabbits 
killed  very  soon  after  the  subcutaneous  or  intravenous  injection 
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of  the  metal  the  metal  could  easily  be  detected.  This  was  so 
soon  after  the  administration  of  the  poison  that  no  bile  could  by 
that  time  have  penetrated  so  high  up  the  caecum,  and  care  was 
taken  that  there  should  be  no  laceration  of  tissue  in  any  way, 
nor  admixture  of  blood. 

The  nickel  urine  does  not  alter  its  colour,  but  the  cobalt  urine 
is  of  a  rich  dark  brown  colour,  the  depth  of  the  colour  being  in 
exact  proportion  to  the  quantity  of  cobalt  present.  If  such  a 
urine  be  allowed  to  decompose,  it  deposits  a  crop  of  ammonio- 
magnesic  crystals  of  the  ordinary  form,  but  of  a  most  beautiful 
violet  or  purple  colour,  various  tints  being  found  together.  This 
I  have  found  an  excellent  test  for  the  cobalt. 

I  have  not  yet  determined  the  nature  of  this  brown  cobalt 
compound,  for  such  it  is,  no  trace  of  blood-pigments  or  their 
decomposition  products  beii^  present  in  the  urina  Such  brown 
urine,  treated  with  basic  acetate  of  lead,  yields  a  brown  pre- 
cipitate and  a  filtrate  which  still  contains  plenty  of  cobalt,  so 
that  the  metal  is  excreted  in  more  than  one  form.  The  brown 
lead  precipitate  washed  with  hot  water,  and  then  extracted  with 
carbonate  of  ammonia,  yields  a  solution  of  the  same  colour  as 
the  original  urina 

L.  Lethal  Doses  of  Nickel  Oxide, 

The  subcutaneous  lethal  dose  is  given  as  nickelous  oxide  for  a 

kilogramme  weight  of  animal,  and  is  probably  as  follows : — 

Frogs,      . 
Pigeons,  . 
Guinea  pigs,     . 
Eats, 

The  number  of  cobalt  experiments  was  not  so  great  as  in  the 
case  of  nickel ;  but  from  the  records  of  twenty-one  experiments 
cobalt  seems  to  be  only  about  two-thirds  as  deadly  as  nickel. 

The  following  are  the  records  of  several  experiments  selected 
from  the  hundred  that  were  included  in  my  Thesis,  and  the 
numbers  refer  to  the  Thesis : — 

Experiment  6. — A  male  Eana  temporaina^  weight  37  grammes, 
and  a  gravid  female  R,  temp,,  weight  80  grammes,  poisoned  each  with 
•1  NiO  per  kilo.  frog. 


•080 

Cats, 

.      010 

•060 

Rabbits,  . 

.     -009 

•030 

Dogs,       . 

.     -007 

•025 
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January  Wl — Solation  injected  into  dorsal  lymph-sac.  Both  are 
paresed,  show  twitchings  of  the  toes,  and  incoordinated  movements 
particularly  of  hind  limb&  Both  can  walk,  but  not  hop ;  nor  turn 
Toond  from  the  dorsal  position ;  and  both  appear  stupefied.  Female  is 
more  gravely  affected  than  the  mala 

bih  and  6th. — Same  condition. 

7th. — Can  now  turn  round. 

8^  <md  9th, — Same  condition. 

10^ — ^Both  walk  well  enough,  but  do  not  yet  hop;  will  lie  on 
their  back,  but  turn  round  on  being  excited. 

llth  to  14^— Gradual  recovery ;  now  almost  well. 

15th. — Male  but  slightly  affected;  female  weak  and  apparently 
dying. 

16th. — Same  condition. 

17th. — Male  pretty  normal;  female  still  weaker;  reflexes  almost 
gone. 

IBth. — Male  still  has  symptoms;  female  dead;  gastric  mucosa 
showed  doubtful  congestions. 

I9th  and  20th, — Little  to  be  noticed  except  some  drawing  up  of  the 


2l8t. — ^Drawing  up  of  1^  is  more  pronounced  than  it  was  yester- 
day. 

February  1st. — Still  some  drawing  up  of  the  legs. 
I2t?u — ^Now  it  is  seemingly  normsJ. 

Rx^periment  51.— ^62^  ^.—Weight,  ISOO'O;  poisoned  with  -008 
NiO  pro  kDo.  rabbit  injected  into  the  blood. 

February  lOth^  11.40. — Injection  practised,  slight  cramp-like  con- 
tractions accompany  it ;  pulse  152. 

6.0. — There  has  been  further  diarrhcea,  but  no  other  symptom; 
pulse  regular  and  good,  156. 

11^  Morning. — More  diarrhoea  in  the  night;  heart  rapid,  not  easily 
counted. 

11^  Evening, — Pulse  good,  112;  no  further  diarrhoea  and  no 
spasms.  (It  has  a  sneezing,  but  we  do  not  know  if  it  is  something 
new ;  nothing  was  previously  remarked.) 

\2th. — Eats  very  little;  heart  pretty  good;  pulse  112;  sneezing 
stOl  peisist& 

IZth. — Has  eaten  nothing ;  heart  fairly  strong ;  pidse  pretty  regular, 
88 ;  no  spasms ;  sneezing  pretty  violent. 

14^ — Has  not  eaten  during  past  24  hours ;  pulse  regular,  108. 

15/A. — Difficult  to  say  whether  pulse  is  240  or  120. 

\6th. — Feeds  well,  and  appears  perfectly  normal 

17/A. — Same  condition. 

\^th. — ^P.  136;  diarrhoea;  but  the  animal  is  tolerably  well  not- 
withstanding. 

\9tii  and  20th, — No  more  diarrhoea,  but  is  enormously  excitable ; 
jumps  about  when  one  wants  to  touch  it,  and  has  a  sort  of  shiver 
when  one  gets  hold  of  it. 

2\8L — P.  136 ;  nothing  noteworthy. 
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22ncL — P.  144 ;  apex  beat  good.  Again  frightful  diarrhcea.  Faeces 
thin,  fluid,  or  gruel-like ;  brown,  but  no  blood  in  them.  Again  the 
animal  is  in  the  excitable  condition  before  noticed. 

23rcf. — P.  about  148 ;  violent  diarrhoea  in  the  night ;  eats  toler- 
ably well ;  heart  somewhat  irregular. 

2^th. — P.  124,  regular  and  good;  feeds  well;  violent  diarrhoea, 
which  has  nothing  to  do  with  the  feeding,  which  is  quite  dry,  and  has 
no  such  effects  on  other  rabbits ;  weight  1530  grm& 

26th, — Status  idem. 

26th, — P.  140;  still  diarrhoea;  fundus  oculi  certainly  paler. 

27th, — Status  idem, 

2Sth, — ^P.  124,  good ;  diarrhoea  in  the  night 

March  Ist, — P.  120,  good;  feeding  welL 

2nd  and  Srd, — P.  120  ;  diarrhcea  not  so  marked. 

Ath. — ^Very  severe  diarrhoea  during  the  night ;  had  leaped  out  of  the 
cage  when  the  servant  came  in  the  morning ;  sprang  round  the  room 
in  an  extremely  excited  condition,  so  that  he  could  scarcely  catch  it 
In  the  evening  respiration  78 ;  pulse  280,  good ;  and  it  was  still 
excited  as  before. 

5th  and  6th, — P.  up  to  300  on  repeated  countings;  diarrhoea 
persists.  ' 

7th, — ^Diarrhoea  is  now  less. 

1 2th. — ^Diarrhoea  has  continued  more  or  less  always.  To-day  is  end 
of  session.  I  wanted  to  utilise  the  animal  for  a  blood-pressure  expeit- 
ment,  but  it  died  before  the  experiment  was  well  begun.  The  only 
thing  pathological  was  a  few  old  extravasation  spots  in  the  gastric 
mucosa. 

Experiment  62,— Bfibbit  (f.— Weight,  1685-0.  With  0*01  NiO  pro 
kilo,  rabbit  injected  into  the  blood. 

January  Srdy  11.0. — P.  140,  R.  100.  Injection  into  the  crural  vein. 
After  the  injection  the  pulse  and  respiration  are  greatly  quickened ; 
no  diarrhoea,  but  passage  of  urine,  and  cramp-like  movements,  though 
not  very  marked. 

11.15. — Let  loose  from  the  board;  it  is  not  paralysed,  but  seems 
stupefied,  so  that  it  lies  on  its  side,  with  the  pupils  a  little  contracted. 

11.20. — Lying  on  its  side,  rises  on  being  molested ;  its  hind  1^  are 
the  most  affected,  they  are  both  to  one  side,  while  the  fore  legs  are 
thrown  outwards,  one  on  each  side.  Pulse  still  quick;  breathing 
quiet,  and  so  it  remains  untU 

1.0.— P.  132,  R  88. 

3.0. — P.  124,  R  140.  Appears  quite  well,  no  more  lameness  nor 
pupillar  contraction. 

6.O.— P.  132,  R  140.     Status  idem. 

Uh,  9.O.— P.  132,  R  92.     Apparently  normal 

6.O.— P.  92,  R  100. 

6th,  9.0. — P.  112,  R  72.  Jerkings  all  over  the  body,  has  a  sort  of 
rigor,  and  cowers  when  one  touches  it     Pupils  normal 

7.O.— P.  96,  R  120.  The  movements  are  still  present,  but  they  are 
only  slightly  marked,  and  are  passing. 
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eth,  10.0.— P.  100,  R  56.     Jerkings  always  here  yet 

6.0. — P.  132,  R.  12.  It  has  not  been  feeding  properly  to-day ;  the 
jerkings  are  less  marked  than  in  the  morning,  but  are  still  present, 
and  when  it  was  first  touched  it  showed  peculiar  man^  movements. 

7th, — Pulse  very  rapid ;  it  has  fed  during  the  night.  Shiverings  all 
OTer  the  body. 

8/^  6.45. — Hitherto  it  has  been  in  statu  quOy  but  now  it  has  a 
violent  convulsion,  whereafter  it  lies  on  its  side  as  if  it  were  dead. 

5.50. — ^Another  little  shiver,  then  it  recovers  and  sits  still  quietly. 
P.  120,  R  72.  Apex  beat  irregular  in  strength,  and  shiverings  are 
easily  oJled  forth  by  touching  it.  It  is  so  weak  that  it  falls  oflf  its 
feet,  so  to  speak,  the  fore  legs  going  outwards  as  usual  In  a  little 
whUe  it  has  a  perfectly  complete  general  contraction,  tetanus  lasting 
a  minute.  The  ear  vessels  during  this  time  enormously  enlarged,  as 
were  also  the  retinal  vessels,  seen  by  the  ophthalmoscope.  Several 
little  conixactions  follow. 

6.45.— P.  220,  R  120.  Pulse  irregular  in  time.  The  ears  have  re- 
mained untouched  for  a  whole  hour,  and  yet  the  vascular  dilation  is 
as  great  as  ever. 

6.56. — ^Another  convulsion,  and  passage  of  urine, 

7.0. — Death.  The  vessels  became  quite  flaccid  and  pale,  then  the 
respiration  ceased.  With  the  ophthalmoscope  the  breaking  of  the 
retinal  blood  columns  was  watched,  and  on  this  ensuing  the  chest  was 
immediately  opened,  and  the  heart  was  found  beating — without  any 
exposure  to  the  air. 

Post-mortem  Examination. — ^Two  groups  of  little  ulcers  in  process  of 
healing  covered  by  a  scab  at  the  beginning  of  the  pyloris ;  in  the 
intestine  nothing  to  be  seen ;  contents  copious.  In  the  bladder  ten 
extravasation  spots.  Heart  normal,  not  contracted  nor  dilated.  Every- 
thing else  normal 

Experiment  5S.— Rabbit  i.— February  lO^A.— Weight,  18100. 
With  012  NiO  per  kilo,  rabbit,  subcutaneously.  P.  208,  r^ular, 
just  before  iigection. 

10.0. — Ii^jection.  After  the  injection  it  showed  little,  except  that  it 
is  quieter  and  less  brisk  than  it  was ;  it  was  extremely  active  beside 
the  females,  now  no  longer  so. 

6.0. — ^At  6.0,  when  the  pulse  « 152. 

11^^,  10.0. — ^Pulse  very  much  accelerated,  and  not  to  be  counted. 
Tries  to  feed,  but  cannot  Sits  as  if  stupefied.  When  it  is  lifted  up 
by  the  ears  there  appears  at  once  in  the  legs,  particularly  the  fore  legs, 
a  regular  continued  tremor,  which  gives  one  quite  the  idea  of  the 
ankle  clonus  of  lateral  sclerosis  in  man ;  it  is  on  both  sides  equally,  is 
stopped  by  the  very  slightest  pressure  nmde  on  the  limb,  but  continues 
in  the  opposite  one  unaltered.  When  it  is  now  set  down  on  the  ground 
the  head  and  ears  move  for  a  while,  just  as  in  other  such  nickel  cases, 
giving  one  the  idea  of  paralysis  agitans  of  man. 

4.0. — P.  120,  R  88.  Mostly  paralysed.  Cries  from  time  to  time 
spontaneously ;  breathing  difficult,  and  evidently  with  an  efibrt  On 
pinching  the  legs  the  reflexes  are  exceedingly  violent,  but  meanwhile 
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it  simply  lies  there  as  if  it  had  lost  all  power  of  voluntarily  moving. 
The  blood  pressure  was  now  sought  to  be  ascertained.  From  the  very 
first  the  pressure  was  at  a  very  low  level,  and  it  sank  still  lower  for 
some  time.  The  animal  died  with  convulsions,  evidently  due  merely 
to  stoppage  of  the  respiration.  Shortly  before  death  the  vessels  of  the 
fundus  ocali  were  not  dilated. 

Post-mortem, — Nothing  pathological 

Experim.eTU  lO.—Cat,— -Weight,  2450  gram.  With  10  mgrm.  NiO 
pro  kilo,  cat     Subcutaneously. 

August  llth,  1.0. — Ii^jection  :  cat  does  not  seem  very  well  even  now, 
t.e.,  before  the  iiyection. 

4.45. — Weak,  dejected,  and  dull;  has  vomited,  and  vomits  still; 
heart  normal 

5.30. — ^Was  seen  by  laboratory  man ;  was  ill,  crjring  as  if  in  pain, 
vomiting  severely,  convulsions  at  intervals,  hind  legs  shaken  violently, 
and  it  is  bent  backwards;  after  a  fit  it  lay  as  if  dead,  but  when  molested 
could  rise,  but  fell  immediately. 

5.45. — ^The  man  left  it  apparently  dying. 

8.0. — I  found  it  dead,  still  warm,  on  its  side  ;  no  salivation ;  no 
evidence  of  diarrhoea ;  muscles  still  directly  excitable ;  heart  normal, 
auricles  distended  by  dark  fluid  blood,  ventricle  contracted,  no  dilata- 
tion of  abdominal  vessels  to  speak  ol  Intestinal  mucosa  covered  by  a 
greenish-yellow  layer  1  mm.  thick,  which,  examined  microscopicdily, 
was  ascertained  to  be  entirely  composed  of  epithelial  cells  sh^  from 
the  villi;  the  layer  separated  quite  easily  from  the  subjacent  mucosa, 
which  was  congested.     Bladder  empty  and  contracted. 

Experiment  61.— Dog,  young  ^.—Weight,  6800-0.  With  -005  per 
kilo,  dog  into  blood. 

February  9th. — P.  110,  before  operation. 

4.0. — Injection :  not  followed  by  cramps,  defaecation,  nor  urination. 

6.0. — Appears  quite  recovered ;  eats  when  flesh  is  offered  him. 

lO^A,  Morning. — P.  140.  Does  not  eat  just  so  eagerly  as  yesterday. 
„       Evening. — Is  somewhat  out  of  sorts. 

Wth,  Morning. — P.  152,  good  and  regular.  Is  cheerful  enough, 
but  makes  no  longer  any  effort  to  jump  out  of  the  cage,  and  though 
he  takes  the  bits  of  flesh  into  his  mouth  he  lets  them  fall  again.  No 
fsBces  since  the  operation.     Did  not  eat  his  supper  last  evening. 

Evening. — ^P.  148.  Has  not  eaten  an3rthing  during  the  day ;  this 
evening  drank  an  enormous  quantity  of  water,  but  immediately 
vomited  it  again,  and  with  it  he  has  brought  up  the  flesh  which  he 
ate  yesterday,  quite  undigested  and  stinking.  Here,  as  in  almost  all 
other  such  cases,  great  quantities  of  stinking  gases  are  continually 
being  brought  up  horn  the  stomach. 

\2th, — P.  144.  Ate  only  half  his  supper  last  night,  the  other  half 
this  morning,  but  would  not  eat  any  further  flesh  offered  to  him. 
Great  thirst,  and  much  water  drank,  but  no  further  vomiting.  Still 
the  eructations  of  stinking  gas. 

13^^. — P.  168.  Pulse  very  good.  Only  a  part  of  the  food  eaten, 
but  it  was  vomited  again.     Looking  somewhat  miserable. 
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14^ — ^P.  172,  good.  Eaten  all  his  sapper  of  last  evening  and 
retained  it 

Idih. — ^P.  160,  pretty  good  and  regular.  Thirst,  but  eaten  no  flesh. 
A  slight  indication  of  conjunctiviti& 

16M. — Statue  idem, 

17th, — P.  200.  Eyes  better.  Has  taken  his  food,  but  will  have  no 
more  from  the  hand. 

18M.— P.  72.  Great  thirst.  Has  taken  all  his  food.  Faeces  fluid 
and  of  a  very  dark  colour,  as  in  all  such  nickel  dog& 

19^.— Status  idem. 

2(Hh.—Do.       do. 

2lst. — ^Evidently  normal 

22tuL—Do.      do. 

2^rd. — ^Do.       do.     A  good  deal  of  nickel  stUl  in  the  faeces. 

2ith, — Do.       do.     Hfl^  faeces,  and  at  intervals  of  tWo  days  or  so. 

25th.— Do.      do. 

26^ — Has  some  diarrhoea,  but  is  cheerful  and  well-looking. 

27th  and  2St?^ — Nothing  noteworthy.  He  may  be  considered 
normal,  only  the  stomach  is  not  quite  well ;  still  he  has  the  peculiar 
nickel-smell,  and  there  is  some  conjunctivitis.  Now  he  is  used  for  a 
blood-pressure  experiment,  after  which  post-mortem  showed  numerous 
extravasations  in  the  gastiic  and  duodenal  mucosa ;  otherwise  nothing. 

Experiment  66.— Dog,  old  ^.—-Weight,  9500-0.  With  -008  NiO 
snbcutaneously. 

January  Sth. — ^P.  120,  B.  18 ;  before  injection. 

3.40. — Injection  practised. 

4.10. — Urine  passed,  also  thin  fteces ;  appears  restles& 

4.40. — lies  down  as  if  exhausted. 

5.0. — Still  is  lying,  and  does  not  rise  when  one  goes  up  to  him; 
looks  dull,  and  seems  pretty  ilL 

5.30. — ^P.  124,  R  20.     In  the  same  condition;  pupils  normal 

7.0. — Is  somewhat  recovered. 

6th,  10.0.— P.  18.0,  R.  32.     Lies  very  quietly,  and  looks  really  ill 

6.0. — P.  160,  R  24.  Lies  still  in  the  same  quiet  feeble-looking 
fashion;  he  eats  only  three-fourths  of  his  accustomed  fare,  and  seems 
uneasy  after  that;  he  wants  then  to  lie  down  again,  yet  appears  not 
rightly  to  know  how  he  should  lie,  and  falls  down  rather  than  lies 
down,  then  remains  quietly  lying,  growls  or  snarls  from  time  to  time. 

7th,  1.0.— P.  132,  R  28.  Vomited  his  whole  breakfast  this  morn- 
ing; vomited  matter  of  fearful  smell;  lies  completely  on  his  side; 
growls  no  longer ;  sometimes  moves  in  a  shivering  manner  his  legs ; 
pupils  contracted.  When  molested,  he  rises  with  difficulty,  and 
immediately  falls,  rather  than  lies  down  again.  Seems  weaker  in  the 
hind  than  in  the  fore  legs.  Has  drunk  much  water,  but  almost 
immediately  vomited  it  again,  and  with  it  brought  up  some  undigested 
pidcee  of  meat 

4.0. — Somewhat  better. 

5.30. — P.  132,  P.  22.  Quite  still,  looks  somewhat  cheerier.  Has  passed 
no  fsDoes  since  above  noted.     Urine  contains  large  quantities  of  nickel 
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%th,  10.0.— P.  120,  R.  30.  Somewhat  better;  again  vomited  some 
undigested  flesh  of  the  same  smelL  Did  not  eat  his  supper  last 
night,  and  it  was  found  this  morning  wholly  untouched,  so  that 
the  vomited  flesh  had  remained  in  the  stomach — ^it  may  be  twenty- 
four  hours — since  yesterday  morning.  Seems  quite  intelligent 
Drinks  an  enormous  amount  of  water.  Ftom  his  bent-up  mpde  of 
standing,  and  from  his  wincing  on  pressing  his  abdomen,  he  seems  to 
have  pain  in  that  r^on.  His  whole  body  shivers  remarkably,  and 
in  his  right  eye  occasionally  are  tremulous  contractions  of  certain  of 
the  external  muscles,  and  so  strabismus.  The  heart  is  feeble,  and 
from  this  and  from  the  marked  contraction  in  the  muscles  of  the  chest, 
it  is  difficult  to  observe  and  count  the  heart-beat  Owing  to  contrac- 
tions of  the  neck  muscles,  the  head  has  quite  the  movements  of 
paralysis  agitans  in  man. 

1.0.— P.  120,  R  22. 

7.0. — P.  112,  R  26.  Lying  quite  quietly;  but  appears  better  a 
little. 

9M. — ^P.  124,  R  20.  Better  to-day;  eaten  three  pieces  of  flesh,  and 
retained  them. 

\Qth,  10.0.— P.  120,  R  14.  Brisk;  drinks  a  great  deal  of  water. 
Heart-beat  regular  and  strong. 

4.0. — P.  36,  R  14.  Lies  bent  up,  breathes  quite  quietly;  appears 
weary.  Heart,  as  well  as  slow,  is  very  irregular.  Breathing  is  thoracico- 
abdominal  in  type. 

7.0. —P.  43,  R  14.  Lies  as  before;  pulse  now  regular.  Stil)  as 
thirsty.  Has  not  eaten  much,  only  a  little  flesh  and  milk;  but  that 
he  has  retained. 

11^^,  10.0. — ^P.  51,  R  14.  Heart  irregular,  though  not  so  much  so 
as  it  was  yesterday.  Eaten  all  his  food.  Passed  faeces  now  for  the 
first  time  since  before  noted. 

1.0. — P.  42,  R  13.  Heart  quite  regular  in  time  and  strength.  Lies 
quietly. 

5.0. — P.  44,  R  13,  Heart  somewhat  irregular;  but  strong  enough. 
Appears  sleepier  than  before. 

12^^. — P.  102,  R  15.  Quiet;  eaten  all  his  food,  nothing  vomited. 
Looks  normal 

1  Wi, — P.  1 20,  R  20.  Heart  quite  regular.  Left  some  of  his  food  over. 

14^A.— P.  120,  R  14.     Apparently  normal 

15^7i. — P.  54,  R  12.  Eaten  little  or  nothing.  Heart  strong,  bat 
somewhat  irregular. 

16^/t. — P.  120,  R  16.  Has  eaten  nothing.  Vomited  some  of  yester- 
day's food  still ;  is  still  very  thirsty.  Heart  regular,  but  somewhat 
weak  as  before. 

nth. — P.  140,  R  18.  Has  eaten  a  good  deal  of  flesh,  and  drunk 
much  water.  Heart  regular.  Drinks  and  eats  with  difficulty,  seeming 
as  if  he  had  not  power  in  the  jaw  muscles,  >and  then  swalloMdng  is 
evidently  only  accomplished  with  an  effort  Urine,  of  twenty-foor 
hours'  collecting,  showed  traces  of  nickel. 

18/^— P.  156,  R  16.  Pretty  brisk;  has  eaten  all  its  food;  great 
thirst;  the  same  difficulty  in  eating  and  swallowing.     Heart  regular. 
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I9fh  and  2(Hh.—V.  156,  R  20.  Heart  regular.  Is  lively;  has  eaten 
all  his  food;  looks  now  clean  and  welL     Seems  quite  recovered. 

2lst. — P.  124,  R.  17.  Heart  regular  and  good.  Lively,  and  to-day, 
for  the  first  time,  he  wants  to  spring  out  of  the  cage;  hut  he  has 
vomited  all  that  he  ate  yesterday  evening  and  this  morning,  and  when 
fresh  flesh  was  offered  him,  he  would  not  touch  it,  so  that  there  was  a 
distinct  disinclination  to  eat  The  vomited  was  a  hard  dry  mass  of 
undigested  food 

22iid — P.  120,  R  20.    Eaten  everything.    Shows  nothing  abnormal. 

23rd;  10.0.— P.  12,  R  18.     Considerable  diarrhcea;  thin  brown 


3.0. — Has  repeated  convulsive  attacks.  When  one  comes,  there  is 
first  a  short  stage,  where  the  character  is  markedly  tonic,  and  general 
all  over  the  body,  so  that  the  neck  and  trunk  are  bent  backwards,  and 
the  limbs  stretched  straight  out  from  the  body;  then  succeeds  a  most 
violent  clonic  stage,  in  which  the  whole  body  partakes,  and  where  the 
movement  is  so  violent  that  he  is  dashed  about  the  cage  from  side  to 
Bide.  They  come  on  very  quickly,  disappear  more  slowly,  but  still 
not  just  to  say  slowly.  They  succeed  each  other  with  growing  fre- 
quency. Heart  not  observed,  since  all  assured  that  to  open  the 
cage  and  handle  him  was  decidedly  unsafe. 

4.0. — Found  dead. 

Pogt-moriem  Examination, — Emaciated  somewhat,  but  still  much 
snbcutaneous  fat.  Muscles  dry.  No  trace  of  peritonitis.  Three  pieces 
of  undigested  flesh  in  the  stomack  The  gastric  mucosa  shows  only  a 
few  small  extravasation  spots  towards  the  pylorus,  the  mucosa  is  gall- 
stained  and  yellow,  and  the  fluid  contents  of  stomach  are  similarly 
yellow.  In  tJie  whole  intestine  are  no  fsecal  masses,  only  a  yellowish- 
brown  fluid,  and  this  in  the  rectum  becomes  blackish.  Throughout 
the  whole  intestinal  mucosa  were  numerous  reddish  extravasation 
spots,  especially  in  the  duodenum  and  ileum,  and  in  the  rectum  were 
many  quite  fresh  red  extravasations.  Gall  bladder  full.  Pancreas 
small,  soft,  and  congested.  Kidneys  normal  Urinary  bladder  strongly 
contracted  The  pleurae  and  pericardium  free  from  spots.  Heart  not 
contracted,  nor  yet  flaccid,  moderately  full  of  fluid,  dark,  cherry,  or 
violet  coloured  blood.  Beautiful  haemorrhages  under  the  serosa  of  the 
mitral  valv&  Especially  in  the  auricles  were  large,  white  coagula, 
completely  colourless,  old.     Nothing  in  nervous  system. 

Experiment  SS.— Rabbit,  Male.— Weight,  2110-0  grms.;  with  0020 
CoO  iigected  into  the  blood. 

February  26th, — P.  162  before  injection. 

11.0. — Injection ;  after  the  operation  pulse  is  128;  it  lies  down  as  if 
exhausted ;  pupils  not  contracted ;  respiration  normal 

12.0. — P.  136,  good ;  respiration  normal;  sits  close  to  the  floor  as  if 
weary  or  afraid,  but  rises  quite  well  when  molested. 

12.15. — Suddenly  it  fal^  down  and  lies  on  side ;  pulse  160,  some- 
what weak ;  pupils  contracted ;  breathing  slower  and  with  difficulty. 

12.20. — ^Pupils  dilate ;  on  trying  to  rise  it  cannot ;  the  respiration  is 
becoming  slower  and  with  greater  difficulty,  and  the  pulse  becomes 
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slower ;  convulsion  with  opisthotonos  appears ;  this  now  subsides,  and 
then  the  breathing  is  with  great  difficulty ;  urine  is  passed,  and  it  dies 
apparently  from  respiratory  paralysis,  for  after  the  respiration  has 
ceased  the  heart  is  felt  to  beat  for  some  time ;  after  that  it  cannot  be  felt ; 
it  is  seen  to  beat  on  opening  the  chest,  and  the  blood  columns  of  the 
retina  do  not  break  for  long  after  the  cessation  of  respiration. 

Post-mortem. — A  few  punctiform  extravasations  in  the  pleura 
pulmonalis  of  each  side ;  also  in  the  gastric  and  intestinal  mucosa.  No 
firm  fsecal  masses  in  the  intestines.  Two  endocardial  extravasations 
of  small  size  on  papiliary  muscles,  but  meso-cardium  quite  normaL 

Fxperiment  95. — Dog,  not  young^  Male. — Weight,  6400*0;  with 
0-060  CoO  into  blood. 

February  21«f.— P.  82. 

1 2. 30. — Inj  ection  practised. 

3.0. — P.  80 ;  good,  but  not  so  regular  as  normally  j  no  fasces  passed ; 
has  vomited  much  frothy,  tough,  mucous  matter ;  pretty  brisk. 

6.45. — Lies  on  his  side ;  respiration  difficult ;  from  time  to  time 
spasms  of  clonic  character  and  of  single  members ;  the  fascial  muscles 
very  violently  contracted,  and  so  the  teeth  well  shown.  The  respira- 
tion becomes  more  and  more  difficult,  and  is  accompanied  by  a  sound 
as  if  there  were  spasms  of  the  glottis.  During  the  spasms  the  heart 
is  not  to  be  felt,  and  only  at 

6.10. — "When  the  animal  is  dying  and  the  jerkings  have  ceased  is  the 
heart  to  be  felt.  Immediately  after  death  the  chest  wall  is  opened, 
but  pericardium  is  left  intact ;  the  heart  beat  quite  well  for  6-7  minutes 
longer. 

Post-mortem  Examination, — Twenty-four  hours  after  death:  rigor 
mortis;  blood  is  dark  and  coagulated;  pupils  normal;  gastric  con- 
tents clear,  fluid,  and  brownish  coloured;  intestinal  contents  very 
little,  and  of  same  nature  as  in  the  stomach;  urinary  bladder 
contains  a  few  c.c.  of  dark  brown  urine;  great  oedema  of  the 
gastric  and  intestinal  mucosa;  towards  the  pylorus  congestions  and 
extravasations  increase  in  number,  and  are  most  in  duodenum  and 
rectum;  lungs,  pleura,  pericardium,  liver,  spleen,  and  pancreas  all 
normal;  some  endocardial  extravasations,  none  elsewhere  in  heart; 
veins  of  dura  mater  are  greatly  overfilled ;  brain  is  greatly  congested, 
and  has  numerous  smaller  and  larger  spots  that  are  doubtful  extrava- 
sations ;  few  of  these  are  on  the  cerebellum,  and  none  are  in  the  white 
substance. 
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A  "KERATO-THYRO-HYOID"  MUSCLE   AS   A    VAEIA- 
TION  IN  HUMAN  ANATOMY.    By  S.  G.  Shattock. 

This  muscle,  which  is  well  known  in  comparative  anatomy,  has 
not,  so  far  as  I  can  ascertain,  been  hitherto  found,  or  at  least 
described  in  man.  It  is  noticed  neither  by  Wood^  nor  Maca- 
lister.*  The  muscle,  in  comparative  anatomy,  is  known  as  the 
kerato-hyoid ;  but  as  the  same  name  has  been  applied  by  Gruber 
to  a  fasciculus  sometimes  found  passing  from  the  superior  comu 
of  the  thyroid  cartilage  to  the  greater  comu  of  the  hyoid  bone, 
it  may  be  as  well,  perhaps,  to  make  it  clearly  distinguishable 
by  naming  it,  as  above,  from  the  parts  between  which  it  passes 
(kerato-hyal  and  thyro-hyal).  Chauveau  *  describes  the  kerato- 
hyoideus  in  the  horse  as  "  a  very  small  fasciculus  attached  on  one 
side  to  the  posterior  border  of  the  styloid  cornu  and  inferior 
extremity  of  the  styloid  bone,  and  on  the  other  to  the  superior 
border  of  the  th3nx>id  comu;"  he  afterwards  notices  its  larger 
development  in  the  Carnivora.  An  exact  description  of  the 
human  muscle,  in  the  case  in  which  I  observed  it,  may  sufl&ce 
without  the  requirement  of  a  figure. 

The  muscle  arises  in  a  fan-like  way  for  about  one  centimeter 
from  the  middle  of  the  outer  surface  of  the  greater  comu  of  the 
hyoid  bone,  in  a  line  with  the  middle  constrictor  of  the  pharynx, 
the  origin  of  which  from  the  comu  ceases  a  short  way  in  front 
of  the  posterior  limit  of  the  muscle  which  here  overlaps  it 

The  tendon  of  the  muscle  is  inserted  into  the  posterior  margin 
of  the  lesser  comu  in  close  relationship  with  those  fibres  of  the 
middle  constrictor  which  arise  from  the  lesser  cornu ;  some  of 
the  fibres  of  the  middle  constrictor,  indeed,  take  origin  from  its 
tendon  of  insertion. 

Its  obvious  action  is  to  depress  the  lesser  comu,  or  approxi- 
mate the  lesser  and  greater  comua,  should  a  movable  articula- 
tion exist  between  the  greater  cornu  and  the  body  of  the  hyoid 

^  Proe.  Eoyal  Society  London. 

'  "  Muscular  Anomalies  in  Human  Anatomy,"  Trans.  JRoycU  Irish  Academy. 

*  Anatomy  of  the  Domesticated  Animals. 
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bone  (not  the  case  in  the  specimen) ;  and  it  would  of  course 
antagonise,  when  existing  with  it,  the  muscle  referred  to  by 
Chauveau  as  the  transversalis  hyoidei — a  short  riband  of  parallel 
muscular  fibres  which  unites  the  superior  extremities  of  the 
styloid  cornua  and  approximates  them. 

There  existed,  moreover,  in  this  specimen,  another  proper  or 
intrinsic  muscle  of  the  hyoid  bone.  This,  which  may  be  named 
"  basi-thyro-hyoid,"  arose  (or  was  inserted)  in  front  of  the  pre- 
ceding, from  the  greater  cornu  of  the  hyoid  bone,  and  terminated 
in  a  tendon  attached  to  the  body  beneath  the  articulation  of  the 
lesser  cornu ;  the  muscle  was  situated  under  cover  of  the  basic- 
glossus,  and  lay,  of  course,  on  the  bone  throughout  its  length. 

Professor  Thane  has  met  once  with  a  muscle  corresponding  in 
its  essential  attachments  to  this,  though  differing  somewhat  in 
detail ;  it  arose  from  the  outer  and  lower  part  of  the  free  extre- 
mity of  the  greater  cornu,  and  was  inserted  by  a  slender  tendon 
into  the  body  of  the  hyoid  bone  below  the  origin  of  the  basio- 
glossus, — ^it  existed  on  the  right  side  only :  it  differs,  therefore, 
from  that  described  above,  in  its  being  superficial  to,  instead  of 
beneath,  the  basio-glossus,  and  in  its  greater  length. 


CESALPINO  AND  HARVEY.  The  Harveian  Oration  delivered 
ai  the  Royal  College  of  Fhysidans  of  London,  June  24,  1882. 
By  Georgb  JomrsoN,  M.D.,  F.R.C.E,  E.R.S. 

When  in  Rome  last  spring,  conversing  with  Dr.  Pantaleoni  and  others, 
I  found  that  the  feeling  in  favour  of  Cesalpino's  claims  to  be  regarded 
as  a  discoverer  of  the  circulation  of  the  blood,  in  preference  to  those 
of  Harvey,  are  very  decided,  and  that  they  attribute  to  English  pre- 
judice the  honour  which  in  this  country  is  ceded  to  Harvey.  I  was 
glad,  therefore,  to  find  that  Dr.  Gkorge  Johnson  has  devoted  his  recent 
Harveian  Oration  to  a  careful  exposition  of  the  views  of  Cesalpino, 
deduced,  partly  from  Cesalpino's  writings,  and  partly  from  a  work  by 
Ceraldini,  a  professor  of  physiology  in  Geneva,  "  wherein,"  according 
to  an  oration  by  Professor  Maggiorani,  made  on  the  occasion  of  the 
unveiling  of  a  monument  to  Cesalpino  at  Rome  in  1877,  "that  which 
heretofore  had  been  only  more  or  less  a  belief  as  to  Cesalpino's  discovery, 
has  become,  by  means  of  new  arguments,  a  scientific  demonstration" 
Ceraldini's  statement  with  regard  to  Harvey  Dr.  Johnson  gives  as 
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follows: — "That  during  the  four  years,  from  1598  to  1602,  which 
Harvey  spent  as  student  at  Padua,  he  must  have  become  acquainted 
with  Cesalpino's  writings,  some  of  which  had  been  published  about 
thirty  years  before ;  that  in  these  writings  Harvey  must  have  seen  that 
the  true  doctrine  of  the  circulation  of  the  blood  was  clearly  set  forth 
and  demonstrated ;  that  Harvey  designedly  delayed  the  publication  of 
his  work,  De  Motu  Cordis  et  Sanguinis^  until  1628,  twenty-five  years 
aifter  the  death  of  Cesalpino,  and  nine  years  after  the  death  of  Fabricius, 
when  his  adversaries  could  adduce  no  proof  that  his  affected  ignorance 
of  the  discovery  of  Cesalpino  was  a  mere  pretence."  Dr.  Johnson  then 
proceeds  to  show  "that,  however  diligent  may  have  been  Harvey's 
study  of  Cesalpino's  writings,  he  could  never  have  obtained  from  them 
that  which  is  not  to  be  found  therein^  viz.,  a  knowledge  of  the  circula- 
tion of  the  blood ;  and  that  those  who  pretend  to  find  in  these  writings 
the  true  doctrine  of  the  circulation,  endeavour  to  establish  their  position 
by  giving  to  some  chance  expressions  a  meaning  which  the  context 
shows  could  never  have  been  in  the  mind  of  the  author." 

The  following  inscription  and  paragraphs  are  copied  from  a  memor- 
andum card  printed  on  the  occasion  of  placing  a  bust  of  Cesalpino  in 
a  new  hall  built  in  the  University  of  Pisa  in  1878.  For  the  opportunity 
of  seeing  this  card  I  am  indebted  to  Dr.  Johnson : — 

AndresB  Caesalpino,  Domo  Aretico 

Archiatro  eximio 

Solertissimo  NatursB  Investigatori 

Quod  In  Grenerali  Sanguinis  Circulatione 

Agnoscenda  et  Demonstranda 

Caeteros  Antecesserit 

Plantas  Nondum  in  Species  Tributas 

Primas  Qrdinandas  Susceperit 

Rerum  Plurinarum  Impeditam  Intelligentiam 

Explicuerit 

Universam  Morborum  Doctrinam 

Magno  cum  Plausu  in  Hoc  Archigymnasio  Tradiderit 

Sodales  Medici 

£t  X  viri  Archigymnasio  Moderando 

Honoris  et  MemoriaB  Causa 

III  Prid.  Calend.  OctoL  mdocclxxvi. 

"  FUGIT  ENIH   SANGUIS  AD  OCR  TANQUAM  AD  SUUM  PRINOIPIUM  nOU  ad 

hepar  aut  cerebrum,  quod  si  cor  principium  est  sanguinis,  venarum 
quoque  et  arteriarum  principium  esse  necesse  est,  vasa  enim  hsBc 
sanguini  sunt  destinata." — Cesalpino's  Qucest-Peripatety  Iv,  quaest  iiL 

"MOTUS  IGITUB  OONTINUUS  A  OORDB  IN  OMNES  CORPORIS  PARTES  AQITUR, 

quia  continua  est  spiritus  generatio,  qui  sua  amplificatione  diffundi 
celerrime  in  omnes  partes  aptus  est;  simul  autem  alimentum  nutri- 
tivum  fert^  et  auctivum  ex  venis  elicit  per  osculum  communicans  quam 
Graeci  anastomosin  vocant." — Ibid,,  Iv.  quaest  iv. 

"  Idcirco  pulmo  per  venam  arteriis  similem  ex  dextro  cordis  ventri- 
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culo  fervidam  haturiens  sanguinem,  eumque  per  anastomosin  arterisB 
yenali  reddens,  quse  in  sinistrum  cordis  ventriculum  tendit,  transmisso 
interim  aere  frigido  per  aspene  arterise  canales,  qui  juxta  arteriam 
venalem  protenduntur,  non  tanaem  oscolis  communicantes,  ut  putavit 
Galenas,  solo  tactu  temperat  Huio  sanguinis  giroulationi  ex  dextro 
cordis  yentricnlo  per  pulmones  in  sinistrum  ejusdem  ventriculum 
optime  respondent  eo  qu»  ex  dissectione  apparent."— /W<i. 

"  Sed  iUud  speculatione  dignnm  yidetur^  propter  quid  vinculo  intu- 
mescnnt  vense  ultra  locum  apprehensum  non  citra ;  quod  experimento 
sciant  qxd  venam  secant;  vinculum  enim  adhibent  citra  locum  sectionis, 
non  ultra,  quia  tument  ven£  ultra  vinculum  non  citra.  Debuisset 
autem  opposito  modo  contingere,  si  motus  sanguinis  et  spiritus  a 
visceribus  fit  in  totum  corpus ;  intercepto  enim  meatu,  non  ultra  datur 
progreasus;  tumor  igitur  venarum  ultra  vinculum  debuisset  fieri." — 
Qtuest  Med,,  L  iL  qusest  xviL 

''  Sciendum  est  cordis  meatus  ita  a  natura  paratoe  esse,  ut  ex  vena 
cava  intromissio  fiat  in  cordis  ventriculum  dextrum,  unde  patet  exitus 
in  pulmonem,  ex  pulmone  prsBterea  alium  ingressum  esse  in  cordis 
ventriculum  sinistrum  ex  quo  tandem  patet  exitus  in  arteriam  aortam, 
membranis  qxdbusdam  ad  ostia  vasorum  oppositis  ut  impediant  retro- 
cessum ;  sic  enim  perpetuus  quidam  motus  est  ex  vena  cava  per 
cor  et  pulmones  in  arteriam  aortam,  ut  in  Questionibus  peripateticis 
explicavimus." — Ibid, 

*'  Nam  in  animalibus  videmus  alimentum  per  venab  duci  ad  cor 

TANQUAM  AD  OFFICINAM  CAL0RI8  IN8ITI,  ET  ADAPTA  IBI  ULTIMA  PBRFBC- 
TIONB,  PER  ARTERIA8   IN    UNIVER8UM  CORPUS  DI8TRIBUI  agCUte  SpiritU, 

qui  ex  eodem  alimento  in  corde  gignitur." — De  Flanty  1.  L  c.  iL 

From  the  above,  which  may  be  supposed  to  give  no  unfavourable 
statement  of  Cesalpino's  views,  and  from  additional  passages  quoted 
from  his  works  by  Dr.  Johnson,  we  learn  that  he  understood  the 
passi^  of  the  blood  from  the  vena  cava  into  the  right  auricle,  through 
the  pulmonary  arteries  and  veins  to  the  left  auricle,  and  through  the 
left  auricle  and  ventricle  to  the  aorta ;  that  he  understood,  in  short, 
the  course  of  the  blood  through  the  heart,  the  disposition  and  action  of 
the  pulmonary  and  aortic  valves,  and  the  pulmonary  circulation,  except 
that  he  considered  the  blood  to  be  transmitted  from  the  pulmonary 
artmee  to  the  pulmonary  veins  by  "  anastomosis."  He  thought  that 
the  blood,  full  of  heat  and  spirit,  generated  in  the  heart,  was  tempered 
as  it  passed  through  the  lungs  by  the  proximity  of  the  air  in  the 
bronchial  tubes.  With  regard  to  the  systemic  circulation  he  recognised 
that  some  of  the  blood  passed  from  the  aorta  through  anastomosis  to 
the  vena  cava  and  back  to  the  heart  He  thought  that  the  arteries 
carried  nutritive  blood  to  the  tissues  and  derived  from  the  veins, 
through  anastomosis,  auctive  blood,  which  was  also  sent  to  the  tissues. 
The  blood  thus  sent  to  the  tissues  did  not,  it  may  be  inferred,  according 
to  his  view,  traverse  them  and  reach  the  veins,  but  became  coagulated 
or  fixed  in  the  tissues.  The  transfer  of  blood  from  the  arteries  through 
anastomosis  was  not  therefore  continuous.  Indeed,  he  thought  the  blood 
chiefly  coursed  through  the  arteries,  and,  to  some  extent,  through  the 
veins  to  the  tissues  during  the  day,  and  through  the  veins  to  the  heart 
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dnring  sleep,  there  being  something  of  a  flux  aad  reflux  in  both  arteries 
and  veins.  He  recognised  that  the  fact  of  the  swelling  of  the  veins 
beyond  a  ligature  proved  that  the  blood  did  not  flow  from  the  organs 
through  the  veins  to  the  body.  He  had  no  idea  of  a  capillary  circula- 
tion, or,  indeed,  apparently  of  any  transfer  of  blood  through  the  tissues. 
The  term  *'  cqpillamenia "  which  he  uses,  meaning,  not  capillaries  in 
the  modem  sense  of  the  term,  but  the  fine  hair^like  nerves  into  which  he 
considered  that  a  certain  amount  of  the  blood  passes  without  apparently 
passing  through  them.  It  may  be  said  then  that  he  had  a  generally 
correct  idea  of  the  course  of  the  blood  in  the  heart,  and  in  the  large 
vessels  of  the  lungs  and  the  system,  though  he  thought  that  there  was 
sometimes  a  reflux  of  blood  in  the  arteries  and  especially  in  the  veins, 
and  that  the  reflux  current  in  the  veins  supplied  auctive  blood  to  the 
arteries  for  the  tissues.  Dr.  Johnson,  however,  shows  that  in  his  ideas 
he  was  little  or  not  at  all  in  advance  of  Galen  and  his  other  pre- 
decessors, and  indeed  in  the  statement  in  one  place  made  by  him  that 
some  of  the  blood  passes  directly  from  the  right  ventricle  to  the  left, 
through  the  pores  of  the  septum,  he  was  behind  Servetus  and  Columbus, 
who  had  disposed  of  that  view  some  years  before  he  wrote.  The 
passage  of  blood  through  the  tissues,  both  in  the  lungs  and  the  system, 
seems  to  have  been  unknown  to  him,  and  he  had  no  idea  of  that 
which  was  Harvey's  great  discovery,  the  motor  force  of  the  heart  His 
notion  was  that  the  heat  and  spirit  generated  in  the  heart  were,  by 
expansion,  the  motor  force,  and  that  the  thickness  of  the  coats  of  the 
pulmonary  artery  and  the  aorta  was  for  the  purpose  of  preventing 
the  escape  of  this  spirit  at  the  part  where  its  expansive  force  was 
greatest 

While,  therefore,  we  may  admit  to  Cesalpino  and  other  Italian 
anatomists,  to  Galen  and  Servetus,  a  greater  amount  of  knowledge 
respecting  the  circulation  than  ia  sometimes  accorded  to  them  in  tlus 
country,  and  perceive  that  in  their  general  view  of  the  course  of  the 
blood — that  is,  of  a  circulation  through  the  heart,  large  arteries,  and 
veins  of  the  lungs  and  of  the  system — they  were  correct ;  it  is  evident 
that  they  did  not  understand  that  very  important  part  of  the  circula- 
tion, wluch  consists  in  the  passage  of  the  blood  through  the  tissues — 
the  manner,  that  is,  of  the  passage  of  the  blood  from  the  arteries  to 
the  veins,  or  of  a  continuous  flow  in  any  one  direction.  A  clear,  con- 
cise, correct  view  on  these  points,  respecting  which  they  were  in  great 
confusion,  and  more  particularly  the  knowledge  of  the  heart's  action 
and  of  the  force  by  which  the  circulation  is  effected,  respecting  which 
they  were  quite  ignorant,  were  left  for  Harvey  to  work  out  This  he 
did  in  the  careful,  masterly  manner  that  has  made  his  name  so  great 

G.    M.   HUMPHBT. 
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A  METHOD  FOE  THE  ESTIMATION  OF  UREA  IN  THE 
BLOOD.  (Containing  also  a  Method  for  its  Estimation  in 
Muscle,  and  a  Series  of  Experiments  as  to  the  Variations  in 
its  Amount  in  the  Body  within  Physiological  Limits.)  By 
John  Bekrt  Haycraft,  M.B.,  F.RS.E,  Professor  of  Physi- 
ology in  Mason  College,  and  Lecturer  on  Physiology  in  Qtuen's 
College,  Birmingham. 

Part  I. 
The  estimation  of  a  quantity  of  urea  in  a  pure  watery  solution 
is  not  difficult;  nothing,  indeed,  can  well  be  easier.  Many 
methods  may  be  employed,  which  eire  both  exact  and  easy  of 
application ;  such  are  those  of  liebig,  of  Heintz  and  Bagsby,  of 
Bunsen,  of  Hiif ner,  and  of  Davy.  Before  estimating  the  quantity 
present  in  a  sample  of  urine  some  precautions  are  necessary,  for 
there  are  present  with  it  in  solution  various  other  solids,  both 
oiganic  and  inorganic,  some  of  which  would  interfere  with  the 
process;  for  example,  in  Liebig's  process  the  phosphates,  sul- 
phates, chlorides,  and  albumen  must  first  be  separated  before  com- 
mencing the  analysis ;  and,  even  in  the  hypobromide  of  sodium 
method,  creatin  and  traces  of  other  extractives  are  decomposed 
with  the  urea,  giving  a  result  somewhat  above  the  mark. 
Nevertheless  in  this  secretion  the  urea  exists  in  such  large 
quantities  (3  to  4  per  cent.),  being  more  than  half  the  total 
solid  residue,  that  results  which  are  very  accurate  may  still  be 
obtained. 

Estimation  in  Blood. — ^To  estimate  the  amount  of  urea  in  the 
blood  is  far  more  difficult,  and  for  this  reason : — but  a  very  small 
quantity  is  present  (4  parts  per  10,000),  and  this,  a  mere  trace, 
coexists  with  a  mass  of  organic  matter  containing  twenty  times 
its  weight  of  extractives  alone.      In   these  extractives  many 

VOL.  xvii.  I 
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Rzotised  substances  are  found  which  are  precipitated,  and  de- 
composed in  a  way  similar  to  urea,  which  has  therefore  to  be 
separated  out  first  in  a  tolerably  pure  form  before  the  quantity 
can  be  estimated.  This  separation  from  the  blood  is  the  diflBcult 
task  to  be  overcome ;  the  estimation  of  the  quantity  will  then  be 
an  easy  application  of  known  methods. 

Much  has  already  been  done  towards  obtaining  a  successful 
quantitative  estimation  of  this  substance  in  blood,  and  it  may 
be  well  to  review  shortly  one  or  two  methods  which  have  been 
tried. 

Sir  Bobert  Christison  was  one  of  the  first  pioneers  in  this 
direction,  for  he  obtained  urea  from  the  blood  of  patients  sufier- 
ing  from  Bright's  disease,  in  which  it  is  greatly  increased  in 
amount.  His  method  did  not  pretend  to  great  accuracy ;  it  was 
but  a  demonstration,  and  insufficient  to  show  the  crystals  from 
normal  blood,  in  which  it  was  not  then  known  to  exist.  He 
took  the  clear  serum,  concentrated  it,  and  crystallised  the  urea 
out  as  a  nitrate. 

Joseph  Picard's^  method  is  one  which  has  been  more  sharply 
criticised  by  more  recent  observers,  and  not  without  some  reason ; 
nevertheless,  it  has  not  been  much  improved  upon.  He  mixed 
100  cc.  of  blood  at  96  per  cent,  with  an  equal  volume  of  absolute 
alcohol,  acidulated  by  a  few  drops  of  acetic  acid,  heated  the 
mixture  for  a  few  minutes  on  a  water  bath,  and  pressed  out  the 
fluid  through  a  calico  filter ;  the  process  he  then  repeated  with 
the  residue,  and  evaporated  the  total  filtrate  rapidly  on  a  water 
bath,  and  extracted  the  residue  with  alcohol,  which  he  evapor- 
ated off.  The  residue  is  then  mixed  with  ether  one  part  and 
absolute  alcohol  two  parts,  filtered,  evaporated,  and  the  residue 
dissolved  in  water,  from  which  much  organic  matter  is  precipi- 
tated by  acetate  of  lead,  the  lead  eliminated  by  a  stream  of 
sulphuretted  hydrogen,  the  liquid  concentrated,  and  the  urea 
estimated  by  Liebig^s  process. 

In  criticising  this  method,  I  may  state  that  (leaving  out  points 
of  detail)  during  this  long  process  a  very  large  proportion  of  the 
urea  must  have  decomposed,  and  from  experience  of  this  method 
I  find  it  is  impossible  to  get  rid  of  many  extractives  which  will 

*  De  la  presence  de  Turee  dans  le  sang,  k  Vitai  physiologiqne  et  k  V^tat  patho- 
logique.  * 
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all  be  estimated  as  urea,  Liebig's  process  being  the  worst  possible 
in  this  instance. 

Dr.  Kichard  Gscheidlen^  has  modified  this  method,  adding, 
however,  faults  of  his  own.  Blood  is  poured  into  boiling  water, 
and  sulphuric  acid  is  added,  drop  by  drop,  until  complete  coagu- 
lation occurs.  It  is  then  filtered,  the  filtrate  evaporated,  and 
the  residue  extracted  with  alcohol,  evaporated  and  dissolved  in 
water.  It  is  then  precipitated  with  nitrate  of  mercury,  and  the 
mercury  removed  by  a  stream  of  sulphuretted  hydrogen,  evapo- 
rated and  crystallised  out  as  a  nitrate;  the  crystals  are  dried 
and  weighed.  The  method  of  drying  and  weighing  is  alone  fatal 
to  the  process,  for  such  a  procedure  is  alone  allowable  when  the 
substance  is  very  pure,  which  is  certainly  not  so  in  this  case. 
I  find,  too,  that  the  greater  part  of  the  substance  is  lost  before 
the  estimation  is  completed. 

The  only  other  method  which  it  is  desirable  to  notice  is  that 
of  Professor  Arthur  Gamgee.  He  takes  50  grammes  of  blood 
and  mixes  it  with  twice  its  volume  of  absolute  alcohol,  and 
places  it  ori  one  side  for  twenty-four  hours.  It  is  then  filtered, 
and  the  filtrate  evaporated,  extracted  with  alcohol,  dissolved  in 
water,  and  estimated  by  Hiifner's  method  in  a  Dupre's 
apparatus. 

One  may  accept  the  author's  own  criticism — which  is,  that  it 
is  an  estimation  of  the  nitrogen  given  off  from  all  the  alcoholic 
extracts  of  blood ;  but  that,  inasmuch  as  urea  forms  the  chief 
bolk  of  these,  one  may  roughly  take  it  as  indicating  the  quantity 
of  urea  itself. 

Other  methods  have  been  proposed,  but  a  more  detailed 
account  of  these  may  be  omitted ;  any  improvement  will  pro- 
bably be  in  the  lines  indicated  by  Picard  and  Gamgee.  It  will 
have  been  seen  that  the  great  difficulty  lies  in  the  fact  that  urea 
slowly  decomposes  into  carbonate  of  ammonia,  when  a  solvent 
containing  it  is  evaporated ;  moreover,  if  organic  impurities  be 
present  in  the  solution,  this  is  greatly  increased.  I  find  that  if 
defibrinated  blood  be  evaporated  on  shallow  dishes,  taking  every 
care  that  the  temperature  rises  no  higher  than  50°  cent,  not 
a  trace  of  urea  is  to  be  found  in  the  hard  cake  which  remains ; 

'  Stvdien  uber  den  Ursprung  des  Hamstoffs  im  Thier  KiSrper.     Breslaa,  1871. 
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nay,  much  pure  urea  may  previously  have  been  added  with  the 
like  result 

In  the  alcoholic  and  watery  solutions  obtained  by  Picard  and 
Gscheidlen  fewer  impurities  are  present ;  and  although  urea  is 
found  in  the  residue,  it  is  diminished  vastly  in  amount. 

The  first  step  taken  in  my  investigations  was  to  endeavour  to 
diminish  this  loss,  and  every  plan  was  tried  which  promised  the 
least  chance  of  success. 

Tt  was  thought  that  possibly  the  high  temperature  used  was 
prejudicial,  and  accordingly  evaporatioDS  were  conducted  with 
solutions  of  a  known  strength,  but  at  a  temperature  lower  than 
one  ordinarily  uses.  Flat  porcelain  dishes  were  used,  and  the 
temperature  was  kept  below  SO"*  Cent.  Unfortunately  this 
was  of  little  avail,  the  loss  remaining  much  the  same  as  before. 
Failure  also  resulted  when  the  urea  solution  (blood  extract  con- 
taining it)  was  evaporated  at  even  a  lower  temperature,  with 
diminished  atmospheric  pressure,  nor  was  the  acidification  of  the 
fluid  with  a  few  drops  of  acetic  acid  of  any  use.  Urea,  as  has  be- 
fore been  mentioned,  forms  well-defined  salts  with  miueral  acids ; 
it  was  thought  that  by  changing  urea  into  a  nitrate,  or  an  oxalate, 
these  might  prove  more  stable,  and  as  the  ordinary  methods 
admit  of  their  estimation  in  these  forms,  the  process  might 
succeed,  it  being  also  always  easy  to  reduce  them  as  a  last  step 
iuto  urea  again.  On  evaporating  an  alcoholic  solution  of  the 
oxalate  (01  gramme  per  litre),  there  was  found  to  be  but  2  per 
cent,  of  loss,  which  is  less  than  would  follow  if  urea  itself  had 
been  in  solution.  It  seemed,  therefore,  that  although  an  advance 
had  been  made  by  the  use  of  the  oxalate,  yet  some  loss  was 
inevitable,  and  that  no  method  involving  evaporation  could  be 
said  to  be  perfectly  accurate.  It  is  still  possible,  however,  to 
reduce  this  loss  by  using  as  little  fluid  as  possible ;  and,  above 
all,  to  obtain  the  urea  unmixed  with  other  organic  solids,  the 
presence  of  which  is  so  prejudicial  to  the  accuracy  of  the  results. 
To  separate  the  albumen  from  blood,  either  with  alcohol  or  boil- 
ing acidulated  water,  means  a  dilution  of  the  blood  with  several 
volumes  of  fluid,  as  we  have  already  seen;  worse  than  this, 
the  alcoholic  or  watery  extracts  contain  so  many  extractives 
that  the  urea  passes  through  several  processes,  entailing  evapor- 
ation before  it  is  pure  enough  for  final  estimation.     Can  we 
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use  less  fluid  and  have  fewer  evaporations  is  the  question 
before  us  ? 

Hearing  that  tungstic  acid  does  not  precipitate  urea,  and 
knowing  also  that  it  precipitates  most  organic  substances,  I 
tried  to  separate  the  urea  by  means  of  this  reagent.  Diluting 
with  only  two-third  volumes,  it  was  possible  very  completely 
to  separate  out  the  albumen  as  a  iine  granular  mass  by  the  ad- 
dition of  tungstate  of  soda  and  acetic  acid.  The  after  process 
was,  however,  very  complicated,  for  the  urea  had  to  be  sepa- 
rated from  the  tungstic  acid,  acetate  of  soda,  and  many  extrac- 
tives, so  that  the  loss  was  as  great  as  ever. 

Separation  by  Dialysis. — The  separation  by  dialysis  had  long 
suggested  itself  to  me  as  a  possible  method.  It  had  not  been 
tried,  however,  as  it  promised  to  be  tedious.  Hearing,  however, 
from  Professor  Browne,  that  on  placing  blood  in  a  dialyser,  with 
alcohol  in  the  outer  vessel,  it  became  quite  dry  in  a  few  hours, 
an  encouragement  was  given  to  a  trial  of  this  method.  It  must 
be  borne  in  mind  that  urea  is  very  soluble  in  alcohol,  and  would, 
therefore,  pass  into  it  with  the  water  of  the  blood.  A  single 
trial  proved  this  to  be  the  case,  and  a  few  experiments  sufficed 
to  found  the  method,  which  will  now  be  described. 

Method, — 80  cc  or  100  cc.  of  defibrinated  blood  are  placed 
within  a  dialyser,  so  as  to  form  a  thin  layer  on  the  parch- 
ment paper  (the  dialysers  that  I  use  are  made  of  glass,  the 
inner  vessel  having  a  diameter  of  from  eight  to  nine  inches, 
the  outer  one-half  or  three-quarters  of  an  inch  more).  In  all 
cases  the  blood  must  not  form  a  layer  more  than  about  3  mm., 
otherwise  the  lower  stratum  will  become  dry  and  impervious, 
while  the  outer  one  will  still  remain  fluid.  100  cubic  centimetres 
of  alcohol  are  then  poured  into  the  outer  vessel,  and  the  whole 
is  covered.  In  from  four  to  eight  hours  the  alcohol  in  the  outer 
vessel  is  seen  to  have  risen,  being  increased  in  volume  by  the 
fluid  parts  of  the  blood,  which  blood  forms  now  a  dark  tough 
cake  within  the  dialyser,  sticking,  as  a  rule,  to  the  parchment 
paper.  Of  course  this  still  contains  much  urea,  which  must 
be  washed  out  of  it.  For  this  purpose  it  is  not  sufficient  to 
pour  fresh  water  over  it ;  it  must  be  detached  from  the  parch- 
ment paper,  and  bruised  with  the  water  in  a  moVtar.  The  paper, 
with  the  blood  adhering  to  it,  is  brought  over  a  flat  dish,  gently 
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heated  in  a  water  bath,  the  blood  being  detached  with  the  help 
of  a  little  warm  water.  Fresh  parchment  is  now  placed  over 
the  ring  of  the  dialyser,  and  the  dialyser  and  the  bruised  mass 
brought  into  it  and  placed  again  in  the  alcohol,  the  blood  soon 
becoming  dry  again  from  abstraction  of  water.  The  blood  in 
the  dialyser  is  now  warmed  to  drive  off  the  alcohol  that  is 
mixed  with  it,  and  the  process  of  dialysing  into  fresh  alcohol 
repeated.  When  water  is  added  after  the  first  time,  the  blood 
does  not  require  to  bo  taken  from  the  parchment,  for  it  can 
readily  be  mixed  with  the  water  by  the  help  of  a  curved  spatula. 
The  two  portions  of  alcohol  are  evaporated,  and  the  residue  ex- 
tracted again  with  a  little  alcohol,  the  residue  of  which  contains, 
as  a  rule,  little  else  than  urea.  It  is  washed  with  petroleum 
naphtha,^  which  extracts  fats  and  colouring  matter,  extracted 
with  acetic  ether,  and  the  urea  estimated.  I  accomplished  this 
in  Germany  by  a  method  introduced  by  Bunsen : — the  urea  is 
heated  with  an  ammoniacal  solution  of  chloride  of  barium  in 
a  sealed  tube  at  a  temperature  of  200"*  Cent,  decomposition 
of  the  urea  takes  place,  carbonic  acid  gas  and  ammonia  being 
formed,  and  the  former  is  determined  by  weighing  the  carbonate 
of  barium  produced.  Lately,  I  have  used  Hufner's  method, 
which,  after  a  long  trial  and  comparison  with  others,  I  can 
aflBrm  to  be  without  a  rival  There  is  a  loss  with  this  process 
of  above  7  per  cent.,  for  while  by  calculation  one  gramme  of 
urea  should  yield  370  cc.  of  nitrogen  at  0°  Cent.,  and  with 
760  mm.  of  pressure,  in  practice  only  340  cc.  are  obtained. 

The  loss  is.  however,  wonderfully  constant,  and  one  may 
determine  to  one-third  of  a  millegramme  with  great  accuracy. 
On  adding  sugar  to  the  urea,  a  suggestion  for  which  I  am  in- 
debted to  Professor  Gamgee,  almost  all  the  nitrogen  is  given  off 
(363*4  cc.).  As  far  as  accuracy  of  result  is  concerned,  however, 
the  addition  of  the  sugar  is  of  no  value,  for  one  can  always 
allow  for  the  deficit.  From  the  general  remarks  made  at  the 
beginning  of  this  essay,  it  will  be  seen  that  the  method  is  not  a 
strictly  accurate  one.  Evaporations  were  unavoidable,  yet  were 
reduced  to  a  minimum,  and  the  oxalate,  a  more  stable  compound, 

*  While  investigatuig  the  sol  abilities  of  urea,  seeking  for  some  fluid  in  which 
it  is  insoluble,  I  found  that  this  was  the  case  with  petroleum  naphtha,  by  means 
of  which  it  can  be  completely  separated  from  fat  and  many  extractivee. 
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was  dealt  with.  Above  all,  the  urea  was  obtained  from  the  first 
in  a  state  of  comparative  purity,  which,  as  we  have  already 
seen,  is  of  great  importance  in  the  subsequent  evaporation.  An- 
other advantage  is,  that  no  metallic  salt  is  introduced,  traces  of 
these  being  prejudicial.  The  final  estimation  by  Hiifner's  method 
has  special  advantages  over  all  others.  In  the  first  place,  there 
is  little  chance  of  estimating  other  substances  with  the  urea  as 
in  liebig's  process,  and  so  increasing  the  results,  for  creatin  is 
the  only  one  which  occurs  in  any  quantity,  and  this  is  removed. 
In  the  second  place,  the  process  is  accurate,  and  very  easy  of 
application.  My  method  was,  of  course,  tested  with  great  care. 
Two  portions  of  blood  were  taken,  and  to  one  was  added  a  known 
quantity  of  pure,  dry  urea.  Provided  the  method  be  perfectly 
accurable,  the  results  of  the  two  analyses  should  show  a  differ- 
ence equal  to  the  quantity  of  urea  added.  I  found  that  there 
was  a  most  distinct  loss  as  might  have  been  expected,  but  that 
it  did  not  exceed  7  or  8  per  cent.,  a  far  better  result  than  ob- 
tained by  other  methods.  Now,  as  part  of  this  loss  was  constant, 
the  error  in  a  series  of  experiments  would  be  represented  by 
even  a  lower  figure.  By  this  method  I  have  never  failed  to 
obtain  a  small  naked  eye  demonstration  of  urea  from  so  small  a 
quantity  of  blood  as  10  cc. 

The  experiments  described  above  were  conducted  in  the  phy- 
siological laboratory  of  Professor  Ludwig,  who  suggested  to  me 
this  line  of  research.  They  occupied  my  time  for  over  four 
months,  the  processes  being  for  the  most  part  very  laborious  and 
tedious. 

It  has  long  been  a  point  much  striven  for,  whether  urea  exists 
in  muscle  or  not.  Most  entirely  deny  its  existence  there ;  a  few 
chemists,  on  the  other  hand,  maintain  that  they  find  it  in  large 
quantities  (Picard  the  younger). 

I  have  investigated  the  subject  with  my  method  of  dialysing 
into  alcohol,  and  find  that  it  certainly  does  exist  there,  but  in 
small  amount.  A  dog  or  rabbit  is  bled  to  death,'aud  the  hinder 
legs  are  washed  6ut  with  a  very  weak  warm  solution  of  com- 
mon salt,  i  per  cent  When  perfectly  bloodless,  suflBcieut  muscle 
is  cut  away,  freed  from  fat  and  fascia,  and  a  weighed  portion, 
80  to  100  grammes,  taken.  This  is  cut  up  into  sniall  pieces,  and 
mashed  in  a  mortar  with  glass  and  sand  until  a  perfectly  uni 
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form  pulp  is  obtained.  This  is  then  stirred  with  a  little  water, 
and  the  fluid  parts  squeezed  through  a  linen  cloth,  and  the  dry 
mass  left  behind  treated  two  or  three  times  in  the  same  way. 
The  watery  extract  is  now  placed  upon  the  parchment  paper  of 
a  dialyser,  and  the  watery  parts  rapidly  pass  into  the  alcohoL 
The  latter  is  now  evaporated,  and  a  brown  mass  is  left,  which 
contains,  besides  the  urea,  some  creatin  in  a  small  quantity.  The 
muscle  residue  is  washed  once  or  twice  with  fresh  water  until 
all  the  urea  has  passed  out  into  the  alcohoL  The  residue  is 
then  washed  with  petroleum  ether,  re-extrfiU5ted  with  alcohol, 
in  which  creatin  is  practically  insoluble.  It  is  then  extracted 
with  acetic  ether,  in  which  creatin  is  insoluble.  A  straw- 
coloured  mass  is  left  on  evaporating  the  ether,  out  of  which  the 
urea  crystallises  in  two  or  three  days  if  it  be  placed  over  sul- 
phuric acid.  In  some  preparations  this  is  very  slow,  and  but 
faint  indications  of  the  crystals  are  to  be  seen.  It  is  estimated 
by  the  hypobromide  of  sodium  method.  It  is  undoubtedly 
urea  with  which  we  have  to  deal,  for  I  know  of  no  crystalline 
organic  compound  which  would  pass  through  these  various  ex- 
tractives. The  crystals,  too,  are  characteristic;  still  more  so 
those  of  nitrate  of  urea  formed  by  the  addition  of  a  drop  of  pure 
nitric  acid.  The  average  quantity  I  find  to  be  001  per  cent, 
which  is,  practically,  but  a  trace.  According  to  the  statements 
of  Picard  and  others,  a  far  greater  amount  than  this  is  to  be 
found.  That  this  is  false  I  have  fully  proved  by  adding  before- 
hand to  my  muscle  extract  a  few  millegrammes  of  pure  urea. 
The  addition  was  at  once  detected  in  the  result,  showing  that  no 
great  loss  could  have  occurred.  An  examination  of  Picard's 
method  shows  that  he  estimated  not  only  the  urea,  but  a  large 
quantity  of  extractive  (principally  creatin)  as  well.  Urea  is 
mixed  in  muscle  with  a  number  of  other  extractives,  from  which 
it  is  difficult  to  separate  it;  hence  the  statement  that  it  does  not 
exist  there,  or,  if  it  be  not  properly  separated,  they  are  estimated 
with  it,  and  apparently  swell  the  amount  to  an  absurd  degree. 

I  have  sought  with  these  methods  at  my  disposal  to  investi- 
gate the  variations  in  the  amount  of  this  substance  present  in 
blood  and  in  muscle.  The  former  subject  has  received  con- 
siderable attention,  but  very  little  reliable  information  has 
yet  been  obtained,  one  observer  flatly  contradicting  his  prede- 
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cesser,  almost  the  only  fact  known  being  that  in  Blight's  disease 
it  is  greatly  increased  iu  amount  As  regards  the  variations  of 
this  substance  in  muscle  of  course  absolutely  nothing  is  known, 
there  being  up  till  now  no  method  for  its  extraction.  The 
results  of  the  younger  Picard  (in  the  Compt  Bend,  for  1878) 
may  safely  be  set  on  one  side. 

The  first  problem,  the  solution  of  which  I  have  attempted, 
was  whether  or  not  urea  is  increased  in  blood  and  muscle  during 
muscular  activity.  In  this  paper  no  reference  will  be  made  to 
experiments  which  did  not  succeed,  owing  to  failure  of  analysis 
or  to  some  other  cause  ;  there  were  naturally  many  such. 

Experiment, — A  large  Newfoimdland  dog  was  deprived  of  food  for 
twenty-four  houra  It  was  then  bled  to  death ;  the  blood  was  defi- 
brinated,  and  a  portion  reserved  for  analysis  (A).  The  rest  was  injected 
into  the  arteries  of  the  hinder  limbs,  collected  as  it  flowed  back  through 
the  veins,  and  passed  again  and  again  through  the  vessels,  in  all  no 
less  than  thirteen  timea  During  this  process  the  muscles  were 
tetanisod  powerfully  by  an  interrupted  current,  the  experiment  lasting 
over  forty  minutes.  A  portion  of  this  blood,  which  we  may  call  B., 
was  then  taken,  and  the  urea  estimated. 

(A.)  Blood  first  drawn  contained  0*021  per  cent,  of  urea. 

(R)  Blood  passed  through  totanised  by  0*022  per  cent  of  urea. 

There  is,  as  will  be  seen  on  comparing  the  two,  practically  no 
difference  between  them.  The  method  is  open,  however,  to  some 
objections,  for  there  may  be  a  very  material  production  of  urea 
in  the  muscle  without  our  being  able  to  detect  it  after  passing 
the  blood  so  few  times  through  the  limb.  Were  the  method  one 
of  great  exactitude,  which,  alas! — in  common  with  all  other 
methods  for  the  estimation  of  the  various  constituents  of  blood 
— it  is  not,  then  no  doubt  the  question  could  with  certainty  be 
settled.  Unfortunately,  however,  in  chemical  physiology  we  as 
yet  possess  few  methods  which  give,  chemically  speaking,  any- 
thing like  rigorously  accurate  results.  I  viewed  the  experiment 
then  as  one  which,  while  it  might  corroborate  another,  yet  could 
not  give  a  decisive  answer  to  our  question. 

Experiment, — A  young  sheep  dog,  which  for  forty  hours  had  been 
deprived  of  solid  food,  was  exercised  in  a  large  tank  of  water  until 
muscular  exhaustion  was  well  marked.  It  was  killed  thirty  minutes 
after,  and  the  urea  estimated  in  100  o.c.  of  the  blood.  A  very  small 
quantity  was  found — only  '0186  per  cent. 
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Experiment. — In  this  case  the  subject  of  the  experiment  was  a 
young  terrier  dog,  which  had  fasted  for  seventeen  houis.  The 
muscular  exhaustion  was  quite  as  marked  as  in  the  former  case,  with 
almost  as  small  a  quantity  of  urea  in  the  blood.  100  c.c  of  blood 
contained  0*020  grammes  of  urea.  100  grammes  of  muscle  contained 
00085  of  ui'ea. 

These  three  experiments,  I  believe,  show  conclusively  that 
urea  is  not  formed  to  any  extent  in  muscle,  or  in  any  other  part 
of  the  body  during  muscular  exercise.  The  last  experiment  in 
which  an  estimation  of  the  urea  in  muscle  was  made,  is,  of 
course,  not  conclusive ;  but  the  fact  that  it  is  not  increased  at 
all — being  rather  below  the  normal — in  the  blood  is  a  most 
strolsg  corroboration.  Urea  being  so  di£fusible,  it  is  almost 
certain  that  it  would  pass  into  the  blood  from  the  muscle  were 
it  there  in  any  great  amount.  It  may  be  added  that,  as  far  as 
the  experiments  and  subsequent  analyses  were  concerned,  nothing 
more  successful  could  have  been  wished,  no  hitch  whatsoever 
occurring.  A  very  curious  fact,  and  one  which  at  this  period  of 
the  investigation  much  perplexed  me,  is  the  following : — When 
in  Germany  I  made  several  urea  estimations,  giving  always  a 
high  percentage  (above  0*03  per  cent),  but  in  England  I  obtained 
always  lower  results,  such  as  are  typified  by  the  afore-described 
experiments.  It  at  last  struck  me  as  the  animals  had  been 
differently  fed,  the  discrepancy  might  be  due  to  this.  In 
Germany  the  dogs  were  always  killed  two  or  three  hours  after  a 
meal,  while  in  England  they  received  no  food  for  at  least  fifteen 
hours  previously.  It  was  obviously  of  importance  to  find  out 
whether  the  time  after  food  had  any  intluence  upon  the  amount 
of  urea  in  the  blood. 

Experiment. — Two  rabbits  were  selected  as  nearly  as  possible  alike 
in  all  respects.  One  was  killed  five  hours  after  a  full  meal  of  carrots  ; 
the  urea  in  the  blood  estimated,  with  the  lesult  that  0*0486  per  cent 
was  found.  The  other  was  kept  for  thirty-six  hours  without  food,  and 
0  0372  per  cent,  of  lurea  was  found  on  analysis.  There  is  obviously 
one  objection  to  this,  and  it  is  that  one  cannot  be  sure  that  you  are 
dealing  with  two  animals  exactly  alike  in  all  respects  save  the  time  they 
were  killed  after  a  meaL  As  it  is  impossible  to  obtain  from  a  rabbit 
enough  blood  to  make  two  estimations,  I  then  selected  a  number  of 
large  dogs,  from  which  the  abstraction  of  100  cc.  of  blood  may  be 
made  without  interfering  much  with  the  condition  of  the  animal. 

Experhnent. — A  full-grown  fat  sheep  dog  was  kept  without  food  for 
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forty-eight  hours,  at  the  end  of  which  time  50  c.c.  of  blood  was  drawn 
from  a  vein,  and  on  estimation  was  found  to  contain  0*038  per  cent, 
of  urea.  Two  pounds  of  boiled  steak  were  then  given  it,  and  four 
hours  after  it  was  bled  to  death.  The  blood  contained  as  much  as 
0*064  per  cent.,  showing  an  increase  of  68  per  cent,  on  the  first 
portion. 

Experiment. — This  was  a  repetition  of  the  former  experiment  upon 
a  fair-sized  young  Newfoundland  dog.  50  cc.  of  blood  taken  from  the 
animal  after  abstinence  for  forty-eight  hours  contained  0027  per  cent 
of  nrea.  It  was  then  fed  with  two  pounds  of  boiled  steak,  after  which 
the  percentage  increased,  being  0*041  when  killed  four  hours  after- 
wards.    There  was  again  an  increase  of  about  52  per  cent 

These  three  experiments  show  that  if  to  an  animal  which  has 
for  some  time  fasted,  proteid  food  be  given,  the  urea  is  increased 
by  a  very  great  amount  in  the  blood.  As  it  is  just  possible, 
however,  that  the  abstraction  of  the  50  c.c.  of  blood  which  were 
drawn  from  the  animal  in  the  fasting  condition,  might  of  itself 
produce  some  change  or  other  in  the  system,  it  was  thought 
advisable  to  reverse  the  experiment. 

Experiment — A  large  dog  was  fed  with  two  pounds  of  boiled  steak, 
and  four  hours  after  50  cc.  of  blood  were  withdrawn  and  found  to 
contain  0*036  per  cent,  of  m^a.  It  was  then  kept  without  food  for 
forty-eight  hours,  killed,  and  the  blood  analysed.  The  urea  was  now 
found  to  exist  only  in  a  very  small  quantity — 0*019. 

This  last  experiment,  in  conjunction  with  those  previously 
detailed,  shows  conclusively  that  urea  is  found  in  large  amount 
during  and  after  the  digestion  of  proteid  matter,  and  that  if  no 
further  increase  to  food  be  given,  the  quantity  gradually  falls, 
the  greater  part  being  probably  eliminated  by  the  kidneys. 
Where  the  formation  of  urea  occurs  is  a  question  we  shall  not 
touch  from  a  literary  point  of  view ;  for,  were  the  slightest 
digression  made,  fields  of  controversy  would  be  opened  up  so 
vast,  that  their  exploration  would  be  quite  out  of  the  scope  of 
the  present  essay.  A  curious  experiment  was  then  undertaken 
to  solve  the  following  question — Can  urea  be  formed  from 
peptonised  albumen  when  injected  into  the  blood  ? 

The  importance  of  this  is  that  albumen  is  absorbed  into  the 
system  as  peptone,  where  it  is  mostly  at  any  rate  converted 
again  into  albumen.  If  now  we  inject  peptone  into  the  system, 
it  will  also  be  reconverted  into  albumen  with  the  formation  of 
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urea,  just  as  in  the  absorption  of  proteid  matter  from  the 
stomach  and  intestines,  provided  the  formation  of  urea  occurs  in 
the  liver  or  other  glands  of  the  body,  and  not  during  its  absorp- 
tion through  the  cells  of  the  villi,  6is  some  have  thought. 

Experiment. — A  dog  which  had  been  fed  previously  was  bled  to  the 
extent  of  50  cc.  The  blood  contained  0*064  per  cent  of  urea.  Some 
peptone  solution  (Darby's  fluid  meat)  was  injected  into  the  femoral 
vein.  Most  curious  symptoms  were  then  observed  ;  for,  when  but  a 
drachm  or  two  of  the  solution  had  been  given,  the  dog  became  most 
uneasy,  struggling  violently.  I  injected  a  little  more  (two  drachms), 
when  the  animal  went  into  violent  convulsions.^  The  heart  was 
found,  on  a  post-mortem  examination,  to  be  flaccid  aiid  full  of  blood  ; 
and  the  lungs,  liver,  and  kidneys — indeed,  all  the  internal  organs — 
were  engorged.  50  cc.  of  .the  blood  contained  0*068  per  cent  of 
urea. 

This  small  increase  cannot  be  relied  upon  as  showing  any 
certain  results  as  far  as  the  formation  of  urea  from  the  peptone 
is  concerned.  The  dog  was  thrown  into  so  abnormal  a  condition 
that  the  experiment  must  be  discarded.  I  may  mention  that  I 
have  tried  since  the  injection  of  peptone  into  a  dog  to  know  if 
these  curious  results  are  constant  It  was  not  carried  on  beyond 
the  first  stage  of  great  uneasiness,  but  the  symptoms  were  the 
same  as  far  as  the  experiment  went 

Ezperiment, — Two  similar  large  white  rabbits  were  kept  for  some 
days  in  the  same  cage,  having  exactly  the  same  food.  Rabbit  (A.) 
was  then  deprived  of  food  for  twenty-four  hours,  when  the  blood  was 
found  to  contain  0*082  per  cent  of  urea.  Rabbit  (B.)  was  kept  with- 
out food  lor  thirty-six  hours — half  again  as  long  as  the  other — and  four 
drachms  of  strong  peptone  solution  was  injected  into  the  femoral  vein, 
and  the  animal  was  killed  half  an  hour  after ;  0*0936  per  cent  of  urea 
was  found. 

This  indicates  an  increase  of  the  urea  after  the  injection  of 
the  peptone.  A  curious  point  is  that  you  can  inject  a  large 
quantity  of  peptone  solution  into  the  veins  of  a  rabbit  without 
producing  any  external  symptoms  whatever,  except  that  the 
animal  stops  breathing  for  a  little  time  during  the  injection.  It 
does  not  seem  to  be  distressed  at  all. 

I  may  sum  up  shortly  the  result  of  these  experiments. 

(1.)  A  large  quantity  of  urea  is  found  in  the  blood  of  an 

'  The  dog  was  under  the  iDflaence  of  chlorolorin.  and  insensible. 
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animal  daring  and  shortly  after  digestion  ;  far  less  if  it  be  in  a 
starving  condition. 

(2.)  The  injection  of  a  solution  of  peptone  also  produces  an 
increase  in  the  amount  of  urea,  although  this  point  requires 
further  investigation. 

(3.)  Urea  is  not  increased  in  blood  during  and  after  muscular 
exercise  to  any  appreciable  extent. 

(4)  The  amount  may  vary  greatly  in  various  conditions  (as 
above)  of  the  healthy  state  ;  in  my  own  cases  this  may  be  from 
0*095  to  0010  per  cent.  It  is  impossible  to  give  an  average 
unless  the  time  after  food  be  taken  into  consideration. 

(5.)  Urea  exists  in  muscle  in  small  amount  (about  0*010  per 
cent). 

(6.)  There  is  no  increase  perceptible  as  the  result  of  muscular 
activity.  Probably  the  quantity  existing  in  muscle  varies  with, 
and  depends  upon,  that  in  the  blood,  a  small  and  varying 
quantity  naturally  diffusing  into  it. 

I  have  avoided  purposely  stating  any  views  of  my  own  as  to 
where  urea  is  formed  in  the  body,  and  I  have  kept  clear  of  any 
controversy,  and  for  this  reason  especially,  that  I  feel  no 
generalisations  can  be  made  before  much  more  extended  obser- 
vations have  been  carried  out.  My  own  work  on  this  subject 
has,  in  the  meanwhile,  been  suddenly  brought  to  an  end  by  my 
failure  to  obtain  a  licence  to  perform  so  simple  an  experiment  as 
the  bleeding  of  a  dog  under  chloroform  ;  but  having  been  urged 
to  publish  any  results,  I  do  so  with  the  full  consciousness  of 
their  want  of  completeness. 

It  is  with  pleasure  that  I  acknowledge  assistance  in  the  form 
of  a  grant  of  £25  which  I  have  received  from  the  Scientific 
Grants'  Committee  of  the  British  Medical  Association,  my  chief 
expenditure  being  on  dogs  and  absolute  alcohol  My  friend  and 
former  teacher.  Professor  Rutherford,  has  given  me  every  facility 
which  his  laboratory  can  afford,  and  it  is  with  gratitude  that  I 
acknowledge  his  kindness.  I  am  fortunate  also  in  the  possession 
of  a  friend  in  Professor  Gamgee,  of  whose  great  knowledge  of 
this  branch  of  chemical  physiology  I  often  availed  myself. 
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ON  THE  HOMOLOGIES  OF  THE  LONG  FLEXOR 
MUSCLES  OF  THE  FEET  OF  MAMMALIA,  WITH 
REMARKS  ON  THE  VALUE  OF  THEIR  LEADING 
MODIFICATIONS  IN  CLASSIFICATION.  By  G.  E. 
DoBSON,  M.A.,  M.B.    (Plates  IV.,  V.,  VL) 

While  studying  the  anatomy  of  the  Insectivora  I  was  much 
struck  with  the  many  modifications  of  form  and  arrangement 
presented  by  the  long  flexors  of  the  feet  in  different  species, 
and  careful  examinations  of  the  nature  of  these  modifications, 
and  comparisons  with  those  observable  in  the  species  of  othor 
Mammalian  orders  (which  I  have  fortunately  been  enabled  to 
carry  out  with  considerable  detail^)  have  demonstrated  forcibly 
that  the  homologies  of  these  muscles  are  very  imperfectly  under- 
stood by  anatomists  generally.* 

In  most  species  of  mammals  three  long  flexor  muscles  form 
the  deep  layer  on  the  posterior  aspect  of  the  leg ;  these  are — 

1.  Flexor  digitorum  JUmlari8=Fleocor  hallucia  longvs  (Human 
Anatomy). 

2.  Flexor  digitorum  tibialis  =  Flexor  digitorum  longus  (Human 
Anatomy). 

3.  Tibialis  posticus. 

These  three  muscles  are  represented  by  their  homologues  in 
most  mammals ;  the  fleocor  fibvlaris  exists  in  all,  and  exhibits 
but  slight  modifications,  but  the  other  two  are  subject  to  much 
variability,  and  may  be  severally  or  collectively  absent;  the 
flexor  tibialis  especially  varies  very  considerably  within  certain 
limits,  80  much  so,  indeed,  that  not  being  recognised  under  its 
altered  conditions,  its  apparent  or  real  disappearance  has  been 

1  Owing  chiefly  to  the  kindness  of  Prof.  W.  H.  Flower,  F.B.S.,  and  Mr.  W.  A. 
Forbes,  Prosector  to  the  Zoological  Society,  who  afforded  me  every  opportunity 
for  the  examination  of  the  valuable  series  of  specimens  in  their  charge. 

*  At  the  commencement  of  his  paper  *'  On  the  Disposition  of  the  Deep  Plantar 
Tendons  in  Different  Birds,"  the  late  Professor  A.  H.  Garrod  remarks : — *'  The 
arrangement  of  the  tendons  in  the  palm  of  the  hand  and  the  sole  of  the  foot 
among  the  Mammalia  is  a  subject  of  great  intricacy,  as  may  be  inferred  from 
the  comparison  of  the  dissections  of  different  animals."— iVoc.  Zool.  Soc,,  1875, 
p.  339. 
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attempted  to  be  explained  by  anatomists  by  supposing  it  to  have 
undergone  fusion  with  the  flexor  JUtUaris,  thus  forming  a  flexor 
diffUorum  cornmnnis}  while  the  differentiated  muscle  (unknown 
as  such)  has  been  described  as  part  of  the  tibialis  posticus  ^  or 
referred  to  under  the  names  x>f  tibialis  posticus  accessoritis? 
secundtis,  or  xTUerwus}  It  is  the  chief  object  of  this  paper  to 
demonstrate  the  true  relations  of  this  muscle,  and  to  show  that 
neither  of  the  above  supposed  conditions  really  obtain  in  any  of 
the  species  in  which  they  have  been  described,  nor  probably  in 
any  species  of  mammal. 

Of  all  the  orders  of  Mammalia  the  Insectivora  present  by  far 
the  greatest  amount  of  variety  in  the  arrangement  of  the  long 
flexors  of  the  feet,  and  there  is  scarcely  any  modification  of 
these  muscles  in  the  legs  or  feet  of  the  species  of  other  orders, 
which  is  not  either  represented  by  or  capable  of  being  derived 
from  corresponding  structures  in  the  species  of  this  small  group, 
another  indication  added  to  the  many  of  the  central  position  of 
this  order  among  those  of  the  higher  mammal& 

^  "The.^a»r  longua  digitorum  pedis  and  the  flexor  longus  pcllicia  are  united," 
Owes,  "  Anat.  of  Dasypus Mx-cindus,**  Proe.  Zool.  Soc.,  1882,  p.  188.  "Flexor 
haUucia  Umgiu  pariter  cum  flexore  digitorum  longOy"  Hyrtl,  Chlamydophori  trun- 
cati  Anat,  Denkaehr.  Akad,  Wisaeneh,,  Wien.,  1855,  p.  41.  **  Flexor  digitorum 
longuM,  in  the  Wombat,  is  in  reality  a  compound  of  two  parts,  the  flexor  digitorum 
and  the  flexor  hallucis.  In  Maeropua  gigarUeus,  M.  hennettH^  SarcophUus,  the 
Opoasom,  and  Phalanger,  these  muscles  are  similarly  fused,"  Macalister,  Ann. 
Mag.  NaL  Hist,,  v.  (1870).  "The  flexor  hallucis  and  fl£Xor  perforans  have  a 
common  tendon"  (in  Erinaeeus),  Huxley,  Anat.  Vertebr.  Anim.,  p.  446  (1871). 
** Flexor  haUucis  longus  and  flexor  communis  digitorum  are  conjoined,"  Murie, 
Trans.  Linnean  Soe.,  zxz.  p.  101  (1874).  "The  flexor  longus  digitorum  and  the 
flexifr  hallucis  are  inseparable"  (in  Phascolarctos  dnereus),  Toung,  Jour.  Anat, 
Phys,,  xyI  p.  237  (1882),  and  in  the  writings  of  these  and  other  anatomists 
elsewhere. 

*  "Fasciculus  separated  from  the  tibialis  posticus,**  Owen,  I.e. ;  Cuvier,  Myologie, 
pL  268;  Schulxe,  Zeitschr.  fOr  Wissenseh.  Zoologie,  Leipzig,  1867,  p.  18. 

*  "Infra  Poplitei  insertionem,  noYus  exsurgit musculus,  qui  Tibialem  posticum 
▼is  comitem  laborisque  socium  legit.  Retro  malleolum  internum  in  teretem 
fotiadt  tendinem,  qui  margini  pedis  extemo  appropinquat,  et  ad  basin  ossiculi 
iUius  depressi  finem  assequitur,  quod  metatarso  hallucis  iAteme  adjacet  TUd- 
aUm  posHcum  accessorium  non  invite  nominarem." — Hyrtl,  "  Chlamydopliori 
tmncati  Myologia,"  l.c 

^Galton,  Trans.  Liwnean  Soc,  xxx.  p.  558  (1869);  Huxley,  Lc;  Murie,  l.c ; 
Macalister,  In^rod.  Syst.  Zool.  Morph.  VerL  Anim.,  p.  304  (1878);  Dobson, 
Mcm4)grajpk  of  the  Insectivora,  SystemcUic  and  Anatomical,  pp.  34  and  57  (1882); 
Toung,  I.e. 
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We  may,  therefore,  take  the  leading  modifications  of  these 
muscles  in  Insectivora  as  a  convenient  basis  for  comparison,  and, 
having  described  and  figured  them,  pass  on  to  the  consideration 
of  the  principal  varieties  of  form  and  arrangement  presented  by 
corresponding  parts  in  the  species  of  other  orders.^ 

In  CerUetes  ecavdcUus,  the  common  ground-hog  of  Madagascar, 
and  the  largest  of  living  Insectivora,  we  have  what  may  be 
termed  the  typical  Mammalian  leg  and  foot  (Plate  IV.,  fig.  1), 
for  out  of  it  might,  by  modification,  be  constructed  the  corre- 
sponding parts  of  the  hinder  extremity  of  any  other  known 
mammal  In  the  leg  we  find  a  distinct  tibia  and  fibula,  a  tarsus 
of  seven  bones,  five  metatarsals,  a  hallux  with  two,  and  four 
digits  with  three,  phalanges  each.  Of  the  muscles  attached  to 
these  bones  there  are,  besides  extensors  and  the  superficial  flexors 
of  the  foot  entering  into  the  formation  of  the  tendo  achillis, 
the  following  long  and  short  flexors,  and  other  muscles  of  the 
plantar  surfaces : — 

1.  Flexor  diffitarum  fibularis  (f.f.)  =  Flexor  halluds  longus 
(Human  Anatomy). 

2.  Flexor  digitorum  tibialis  {f,t,)=  Flexor  digitorvm  longns 
(Human  Anatomy). 

3.  Tibialis  'posticus  {t  p,), 

4.  Flexor  digitorum  brevis  (/.  6.). 

5.  Flexor  accessoritis  (/  a.). 

6.  Flexores  digitorum  breves  vel  interossei. 

7.  Adductores  halluds,  indidSy  minimi  digiti  a^  a*  a^. 

8.  Abductor  ossis  metatarsi  minimi  digiti  (ab.  o.  m.). 

9.  IJumhricales, 

With  the  single  exception  of  the  first  named,  these  muscles 
may,  as  already  remarked,  be  severally  or  collectively  absent 
until  we  find  the  limit  reached  in  the  marsupial  genus  Hypsi^ 
prymnus  (and  probably  in  CJueropus  also),  where,  omitting  the 
muscles  forming  the  tendo  achillis,  the  long  flexors  are  repre- 
sented by  the  Jlexor  fibularis  only,  and  the  plantar  muscles  are 
altogether  wanting  (see  Plate  V.,  fig.  9). 

*  The  determination  of  the  homologies  by  means  of  the  nerve  supply,  so 
excellent  a  gnide  in  many  cases,  cannot  be  8ucce8sfally  applied  here,  as  all  three 
muscles  under  consideration  are  supplied  by  the  same  nerve,  namely,  the  posterior 
tibial. 
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In  Centetes  ecaudaius,  however,  they  are  severally  and  collec- 
tively well  developed,  and  the  long  flexors  have  the  following 
origins  and  connections : — 

1.  Flexor  fitndaris  arises  from  the  head  and  greater  part  of  the 
posterior  surface  of  the  fibula,  and,  forming  a  moderately  large 
tendon,  passes  into  the  foot  through  the  deep  groove  on  the 
inner  side  of  the  os  calcis,  becoming  flattened  out  and  connected 
with  the  superficial  surface  of  the  similarly  expanded  tendon  of 
the  flexor  tibialis,  before  dividing  into  slips  for  the  three  middle 
toes  (Plate  IV.  fig.  1,//). 

2.  Flexor  tibialis  arises  in  close  connection  with  the  fibular 
flexor  from  the  head  of  the  fibula  and  part  of  the  shaft  of  that 
bone,  also  from  the  interosseous  membrane  and  part  of  the 
adjacent  tibial  margin,  and,  forming  a  more  slender  tendon, 
passes  through  a  groove  on  the  posterior  surface  of  the  internal 
malleolus,  and,  spreading  out,  becomes  superficial  to  and  united 
by  its  deep  surface  with  the  expanded  tendon  of  the  fibular 
flexor,  but  sends  ofi*,  laterally,  distinct  sUps  for  the  hallux  and 
fifth  toe  (Plate  IV.  fig.  1,/.  t). 

Although  the  fibular  and  tibial  flexors  are,  from  their  relative 
positions  in  the  leg  and  foot,  undoubtedly  homologous  with  the 
flexor  haUuds  longus  and  fl^exor  digitorum  longvs,  respectively,  of 
Human  Anatomy,  yet,  as  we  have  above-noted,  their  ultimate 
distribution  in  the  foot  is  very  different,  that  muscle  which  is 
homologous  with  the  flexor  of  the  hallux  in  man  being  here 
distributed  to  the  three  middle  toes,  whilst  the  homologue  of 
the  flexor  digitorum  supplies  the  hallux  and  fifth  toe. 

In  the  species  of  the  allied  genera  Hemicentetes  and  Friculus 
the  relations  of  the  tendons  of  these  muscles  in  the  foot  are 
quite  similar^  and  in  those  of  Oryzorides  and  MicrogcUe  (with 
united  and  rudimentary  fibula),  which  belong  to  the  same  family, 
although  the  superimposed  tendons  are  more  closely  united,  the 
tendon  for  the  hallux  is  still  distinctly  seen  to  be  given  off  by 
the  flexor  digitorum. 

3.  Tibialis  posticus,  a  much  smaller  muscle;  arises  in  connection 
with  the  tibial  flexor  from  the  head  of  the  fibula  and  interosseous 
membrane,  but  chiefly  from  the  fibular  side  of  the  tibia  under 
cover  of  the  popliteus,  and  for  a  short  distance  below  the  Ipwest 
point  of  insertion  of  the  latter  muscle,  forms  a  strong  tendon 
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which  passes  down  the  postero-internal  margin  of  the  tibia,  and, 
crossing  the  malleolus  in  a  separate  groove  on  the  tibial  side  of 
the  groove  for  the  tendon  of  the  flexor  tibialis,  is  inserted  into 
the  scaphoid  bone  (Plate  IV.  fig.  1,/./.). 

Such  are  the  origins  and  attachments  of  these  three  muscles 
in  Gentetes  ecaudcUus,  with  which  we  proceed  to  compare  those 
of  the  corresponding  parts  in  other  mammals.  Before  describing 
the  modifications  in  origin  it  will  be  necessary,  however,  to  refer 
to  the  insertions  in  order  to  gain  a  clear  idea  of  their  homologies. 
In  Plate  IV.,  figs.  2  and  3,  representing  the  long  flexor 
muscles  on  the  posterior  aspect  of  the  leg  and  plantar  surface  of 
the  foot  of  Solenodon  cubanus  and  £rinaceus  europceus,  respec- 
tively, two  distinct  arrangements  of  the  tendon  of  the  fleocor 
tibialis  (flexor  digitorum  longus)  are  shown : — 

a.  Tendon  of  the  fl^eocor  tibialis  united  with  that  of  the  flexor 

flimlaris  (flexor  halluds  longus)  (fig.  2). 
6.  Tendon  of  ih^  flexor  tibialis  completely  separated  from  that 

of  the  flexor  flbiUaris  (fig.  3). 
These  two  conditions  represent,  as  will  be  shown  hereafter, 
the  leading    modifications  of  these    muscles   throughout   the 
Mammalian  series. 

In  Plate  IV.  fig.  2,/.  t,  the  tendon  of  the  flexor  tibialis  (flexor 
digitorum  longus)  is  seen  passing  through  a  groove  on  the  tibial 
side  of  the  internal  malleolus  accompanied  by  that  of  the  tibialis 
posticus,  which  goes  to  its  insertion  into  the  scaphoid  bone,  while 
the  former  divides  into  two  tendons,  one  of  which  is  connected 
with  the  flexor  fibvlaris,  the  other  is  inserted  into  the  tibial  side 
of  the  first  metatarsal  bone. 

That  the  muscle  marked  flexor  tibialis  in  fig.  2  is  homologous 
with  those  similarly  marked  in  figs.  1  and  3,  admits  of  no  doubt. 
In  figs.  2  and  3  its  origin  is  seen  to  be  wholly  removed  from  the 
fibula,  but  intermediate  conditions  are  common  in  many  species, 
and  very  well  illustrated  in  the  Marsupials  in  Cuscus  maculains 
and  Belideus  flaviventer  (Plate  V.  fig.  8,  /.  t).  In  Erinaceus 
europceus  (Plate  IV.  fig.  3,  /.  t.),  although  the  fibular  slip  from 
its  tendon  is  no  longer  connected  with  that  of  the  flexor  flbularis, 
the  tibial  slip  maintains  the  attachment  to  the  first  metatarsal 
bone  as  in  Solenodon  cubanus  (fig.  2).  In  the  Edentate  Orycter- 
opus  capensis  the  flexor  tibialis  arises  as  in  Centetes  ecaudatus. 
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but  divides  after  crossing  tho  malleolus  into  two  tendons,  as  in 
Solenodon  cubanus,  one  going  to  the  side  of  the  Jlexor  Jibularis, 
the  other  to  the  sesamoid  ossicle  lying  alongside  the  euto-cunei- 
form  bone.^  This  condition  is,  therefore,  intermediate  between 
that  of  C.  ecaudatus  and  S.  cvianus.  On  the  other  hand,  the 
fibular  slip  may  alone  remain  connected  with  the  superficial 
fascia  and  integument  of  the  sole  of  the  foot,  as  in  Qymnura 
rafflesii  and  many  species  of  EriTiaceus, 

In  all  the  above  cases  the  tibialis  posticus  is  well  developed  ; 
its  tendon  passes  down  generally  under  cover  of  that  of  the  flexor 
tibialis  when  crossing  the  malleolus,  and  is  inserted  into  Llie 
scaphoid  or  ento-cuneiform  bones. 

Having  thus  determined  that  this  muscle,  hitherto  considered 
by  anatomists  as  forming  part  of  a  double  tibialis  posticus,  and 
named  variously  tibialis  posticus  accessoriuSy  secundus,  or  inter7ius, 
must  really  be  looked  upon  as  the  representative  of  the  tibial 
flexor  of  the  toes  (flexor  digitorum  longus)  of  Centetes  ecaudatus, 
Solenodon  eubanus,  and  many  other  species,  we  are  in  a  position 
to  consider  its  various  leading  modifications  in  origin  and  attach- 
ment in  the  species  of  Insectivora  and  other  mammals. 

Flexor  tibialis  may,  by  increase  in  the  size  of  the  flexor  flhu- 
laris,  have  origin  wholly  from  the  tibia,  as  in  Gymnura  rafflesii, 
Erinaeeus  europce^is  (Plate  IV.  fig.  3),  &c.,  or,  as  in  Condylura 
cristata  and  Myogale  pyrenaica,  the  fibular  flexor  may  have  such 
an  extensive  origin  from  both  bones  that  the  origins  of  the  flexor 
tibialis,  as  well  as  of  the  tibialis  posticus,  may  both  be  superficial 
from  the  heads  of  the  tibia  and  fibula,  and  their  tendons  pass 
down  on  the  surface  of  the  much  larger  muscle  (Plate  IV.  fig.  5,/.  t,, 
t.p,);  or,  more  rarely,  the  muscle  may  be  altogether  absent.  On 
the  other  hand,  owing  to  increased  functions,  as  a  supplemental 
flexor  of  a  large  and  specialised  hallux,  as  in  Cuscus  and  Beli- 
dens,  where  the  fibular  flexor  is  also  largely  developed,  it  may 
take  origin  from  both  bones,  but  principally  from  the  tibia. 

Its  variable  condition  when  divorced  from  connection  with 
the  fibular  flexor,  and  from  its  office  as  joint  flexor  of  the  toes, 
is  strikingly  illustrated,  even  within  the  limits  of  a  single  genus, 

*  The  connections  of  this  muscle  are  so  given  by  Gal  ton  (/.c,  p.  697),  who,  how- 
ever, calls  it  the  tibialis  posticus,  which  really  appears  to  be  altogethei'  absent  in 
this  as  in  many  other  species  of  mammals  to  be  referred  to  farther  on. 
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as  in  Eriimcem.  In  J?.  Europccm  this  muscle  sends  off  both  a 
fibular  and  a  tibial  slip  (Plate  IV.  fig.  3).  This  is  probably  due 
to  the  comparatively  large  size  of  the  hallux  in  this  species.  In 
all  the  other  species  possessing  this  muscle  (of  which  the  ana- 
tomy has  been  examined  by  the  writer),  namely,  in  E.  grayi, 
Ttmcracanthiis,  niger,  and  jerdoni,  its  tendon  goes  only  to  the 
superficial  fascia  and  integument  of  the  sole  of  the  foot:  in 
E.  alhiventi^y  deserti,  diademattis,  and  pi-ctus  (and  probably  in 
E.  micropus  also),  in  all  of  which  the  hallux  is  very  small  or 
wanting,  and  the  plantar  callosity  smaU  or  obsolete,  this  muscle 
is  absent  (Plate  V.  fig.  6).  In  other  species  of  Insectivora  the  ar- 
rangement of  the  tibial  fiexor  is  as  follows : — All  the  species  of 
Soricidce  and  Talpidce  examined  had  this  muscle  separated  in  the 
foot  from  the  fibular  flexor,  as  in  the  Erinaceidce;  in  Sorex 
(Plate  IV.  fig,  4),  it  arises  from  the  head  and  internal  margin  of 
the  upper  extremity  of  the  tibia,  and  the  tendon,  passing  down 
in  the  same  groove  with  and  superficial  to  that  of  the  tibialis 
posticus,  is  inserted  into  the  sesamoid  ossicle  lying  on  the  tibial 
side  of  the  ento-cuneiform  bone,  and  through  it  is  connected  by 
a  tendon  with  the  tibial  side  of  the  base  of  the  first  phalanx  of 
the  hallux  ;  in  Talpa,  Condyluraj  and  Myogale  the  arrangement  is 
similar.  On  the  other  hand,  OaleopithecuSy  Tiipaia,  MacroscdideSy 
Potamogale,  Chrysochloris  and  Solenodon  conform  to  the  Centetes 
type.  In  Galeopithecus  philijrpineTisis  th^  fiexor  tibialis  arises  from 
the  tibia  as  high  up  as  the  insertion  of  the  popliteuSy  and  forms  (in 
the  leg)  two  tendons,  the  superficial  becomes  external,  and  sends 
a  slip  to  the  other  tendon  in  the  foot ;  both  tendons,  however, 
unite  before  coalescing  with  the  superficial  surface  of  the  tendon 
of  the  fibular  flexor,  but  the  tendon  for  the  hallux  is  first  given  off. 
In  Tupaia  elliotiy  as  in  tlie  species  of  GhrysochloriSy  a  flat  sesa- 
moid bone  is  formed  in  the  tendon  of  the  flexor  fibularis,  where 
it  glides  across  the  os  calcis ;  the  flexor  tibialis  arises  from  the 
greater  part  of  the  posterior  surface  of  the  tibia  from  its  head 
downwards,  forming  a  tendon  neiiriy  as  large  as  that  of  the  flexor 
flJndariSy  with  which  it  unites  superficially.  In  Potamogale  velox 
the  tibial  flexor  arises  from  the  interosseous  membrane  and  ad- 
joining margin  of  the  tibia,  under  cover  of  the  large  popliteus, 
and  developes  a  very  slender  tendon,  which,  passing  down  in 
the  same  groove  with  the  tibialis  posticus,  is  inserted  into  the 
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side  of  the  large  fibular  flexor.  The  origins  and  connections  of 
this  muscle  in  the  diflferent  species  of  the  family  Centetidce 
closely  agree  with  those  described  above  in  Centetes  ecaiidaUts, 
In  ChrysocMoris  the  flexor  flbulains  is  large,  arisiug  from  the 
greater  part  of  the  fibula,  and  forms  a  strong  tendon,  which, 
receiving  on  its  deep  surface  the  tendon  of  the  flexor  tibialis 
immediately  before  crossing  the  aukle  joint,  developes  a  sesa- 
moid bone,  where  it  lies  in  the  groove  on  the  os  calcis,  and 
divides  into  tendons  for  the  five  toes.  Flexor  tibialis  is  well 
developed,  arising  from  the  back  and  inner  side  of  the  upper 
third  of  the  tibia,  internal  to  the  insertion  of  the  short 
popliteus,  and  forms  a  strong  tendon,  which,  owing  to  the 
position  of  the  origin  of  the  muscle  from  the  very  anteriorly 
placed  tibia,  in  passing  down  lies  close  to  the  united  tibia  and 
fibula,  and,  consequently,  in  going  to  join  the  fibular  flexor  at 
the  ankle  joint,  curves  outwards  in  front  of  the  tendon  of  the 
more  posteriorly  placed  tibialis  posticus,  and  unites  with  the 
deep  surface  of  the  tendon  of  the  former  muscle. 

Tibialis  posticus  is  much  less  -variable ;  in  all  the  species  of 
Insectivora,  except  in  those  of  Myogaie,  where  its  tendon  unites 
with  that  of  the  fl^exor  tibialis  above  the  malleolus  (Plate  IV. 
fig.  5),  it  may  be  described  as  arising  from  the  heads  of  the 
fibula  and  tibia  and  adjacent  interosseous  membrane,  being 
more  or  less  concealed  between  the  fibular  or  tibial  flexor  and 
the  popliieus,  forming  a  rather  slender  tendon,  which  passes 
down  either  in  the  same  groove  on  the  internal  malleolus  with, 
and  under  cover  of,  the  tendon  of  the  flexor  tibialis,  or  on  its 
tibial  side,  and  is  inserted  into  the  scaphoid,  or  ento-cuneiform, 
or,  rarely,  as  in  Chrysochloris,  into  the  base  of  the  first  meta- 
tarsal bone.  Some  of  its  fibres  are  often  more  or  less  connected 
with  those  of  popliteus. 

With  these  preliminary  remarks  on  the  modifications  of  the 
long  flexor  muscles  of  the  feet  in  Insectivora,  we  proceed  to 
consider  their  structure  and  arrangement  in  other  Mammalian 
orders. 

MONOTREMATA. 

Flexor  flbvlaris  arises,  in  Fchidna  setosa,  from  the  head  and 
greater  part  of  the  posterior  surface  of  the  fibula,  forms  a  strong 
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tendon,  which  receives  on  its  outer  edge  in  the  foot  the  fibres  of 
a  \?iTgib  jlexxyr  accessorivSy  and  divides  into  three  tendons  only  for 
the  three  inner  toes,  the  two  outer  toes  being  supplied  by  the 
Jlexor  brevis  only  (Plate  V.  fig.  7,  /./)• 

Flexor  tibialis  arises  from  the  inner  side  of  the  head  of  the 
fibula,  and  forms  a  moderately  large  tendon,  which  crosses  the 
back  of  the  internal  malleolus  over  the  tendon  of  the  tibialis 
posticus,  and  is  inserted  into  the  ungual  phalanx  of  the  hallux 
by  a  broad  expansion  (fig.  7,f.t). 

In  OrnithoryTichiis  paradoxus  this  muscle,  according  to  Meckel,^ 
contains  in  its  tendon  a  sesamoid  bone,  and  is  inserted  into  the 
first  phalanx  of  the  hallux. 

Tibialis  posticus,  more  than  double  the  size  of  the  flexor  tibi- 
alis, arises  from  the  head  of  the  fibula  under  cover  of  that 
muscle  and  from  half  the  shaft  of  the  bone,  and,  forming  a  thick 
tendon,  passes  across  the  malleolus  under  cover  of  the  flexor 
tibialis  tendon  to  its  insertion  into  the  scaphoid  bone  (fig.  7,  t,p.). 

Marsupialia. 

Belideus  flaviventer. — Flexor  fibtdaris  (Plate  V.  fig.  8,  //.) 
arises  from  almost  the  whole  length  of  the  fibula ;  about  the 
middle  of  its  posterior  surface  a  superficial  part  (//?.)  sepa- 
rates from  the  mass,  and  divides  on  crossing  into  the  foot  into 
three  tendons,  which  form  the  perforated  tendons  for  the  three 
outer  toes  ;  of  these  the  middle  is  the  largest,  and  the  outer  and 
inner,  especially  the  latter  for  the  third  toe,  very  slender ;  the 
perforated  tendon  for  the  second  toe  is  derived  from  the  cal- 
caneum  ;  the  main  tendon  divides  into  five  for  the  five  digits,  the 
second  and  third  being  very  slender. 

Flexor  tibialis  (fig.  8,/.^.)  arises  by  a  fibular  and  tibial  head,  the 
former  smaller  than  the  latter;  these  unite  in  the  upper  third  of 
the  leg,  and  pass  down  in  a  long  tendon,  which,  crossing  the 
malleolus  internally,  is  inserted  into  the  ento-cuneiform  bone 
and  into  the  sesamoid  bone  lying  on  its  fibular  side. 

Tibialis  posticus  (fig.  8,  t,p,)  is  exceedingly  small,  arising  under 
cover  of  the  fibular  head  of  the  preceding  from  the  head  of  the 
fibula ;  its  very  slender  tendon  passas  down  under  cover  of  that 

^     Inat.  Coiitp.,  French  cd.,  vi.  p.  425. 
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of  the  precediug,  and  is  inserted  into  the  capsular  ligament  of 
the  calcaneo-scaphoid  articulation  and  into  the  scaphoid  bona 

AcrdbaUs  pygmoms. — In  the  Opossum  Mouse  the  flexor  flim- 
laris  is  large,  arising  from  the  greater  part  of  the  fibula,  inter- 
osseous membrane,  and  adjoining  margin  of  the  tibia,  and,  pass- 
ing into  the  foot,  divides  into  slips  for  the  five  toes.  Flexor 
tibialis  is  much  larger  than  the  tibialis  posticus ;  it  arises  from 
the  head  and  upper  fourth  of  the  tibia  under  cover  of  the  edge 
of  the  popliteus,  and,  forming  a  moderately  strong  tendon,  passes 
down  along  with  that  of  the  tibialis  postimSy  and  is  inserted  into 
the  internal  cuneiform  bone.  Tibialis  posticus  very  small,  with 
an  exceedingly  slender  tendon,  arises  from  the  upper  part  of  the 
interosseous  membrane,  and  from  the  adjacent  sides  of  the  heads 
of  the  tibia  and  fibula,  and  is  inserted  into  the  scaphoid  bone. 

PJudangista  wlpina. — Fleocor  flbidaris  arises  from  almost  the 
whole  posterior  surface  of  the  fibula,  and  forms  a  thick  tendon, 
which  divides  into  slips  for  the  five  toes.  Fleocor  tibialis  is  much 
smaller,  arising  from  the  heads  of  the  fibula  and  tibia,  from  part 
of  the  interosseous  membrane,  and  from  the  fibular  side  of  the 
tibia ;  its  tendon  passes  down  in  a  groove  on  the  inner  malle- 
olus, and  is  inserted  into  the  ento-cuneiform  bone  and  into  the 
sesamoid  bone  in  the  tendon  of  the  plantaris,  which  plays  over 
the  scaphoid  tubercle.  Tibialis  posticus  is  small,  arising  in  inti- 
mate union  with  the  flhdar  fleocor  from  the  head  of  the  fibula, 
and  from  the  tibial  margin  of  that  bone,  also  from  part  of  the 
interosseous  membrane,  and  is  inserted  into  the  scaphoid  bone, 
its  slender  tendon  passing  down  under  cover  of  the  flexor  tibi- 
alis. 

Phascolarctos  cinereus.—lxi  the  'KodXdL.thQ  fleocor  flhvlaris  is  very 
large,  arising  from  almost  the  whole  length  of  the  fibula  and 
part  of  the  interosseous  membrane,  and  forming  a  strong  flat 
tendon,  which  gives  off  in  the  foot  five  slips  for  the  five  toes. 
Some  of  the  superficial  fibres  in  the  leg  separate  from  the  general 
mass  as  in  Belideus  flaviventer,  and  divide  it  into  two  heads,  from 
each  of  which  a  pair  of  slender  tendons  pass  down  into  the  foot, 
and  form  the  parforated  tendons  for  the  four  outer  to^s,"^ Flexor 
tibialis  is  much  smaller,  arising  from  the  head  of  the  fibula, 
and  from  part  of  the  interosseous  membrane  and  surface  of  the 
pronator  tibire  (pojylileus)  musclej  its  tendon  passes  down  in  a 
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groove  on  the  tibial  side  of  the  internal  malleolus,  and  divides 
after  entering  the  foot  into  two  flattened  tendons  connected  by 
an  aponeurosis,  of  which  the  inner  is  inserted  into  the  ento- 
cuneiform  bone,  the  outer  into  the  side  of  the  sesamoid  bone  at 
the  base  of  the  first  metatarsal.  Tibialis  posticus  is  very  small, 
arising  deeply  between  the  preceding  muscles  from  the  head  of 
the  fibula  and  adjoining  margin  of  the  interosseous  membrane, 
its  very  slender  thread-like  tendon  passes  into  the  foot  in  the 
centre  of  the  space  between  the  tendons  of  the  fibular  and  tibial 
flexors,  and  is  inserted  into  the  calcaneo-scaphoid  ligament 

Cuscus  macvicUus. — ^The  arrangement  of  the  long  flexors  is  very 
similar  to  that  of  Belideus  JlavivcrUer,  the  only  diflerence  of 
importance  being  that  the  fibular  head  of  the  flexor  tibialis  is 
smaller,  and  the  tendon  of  the  muscle  is  inserted  into  the  base 
of  the  metatarsal  bone  of  the  hallux. 

Phascolomys  fossor, — In  the  Wombat  the  arrangement  of  the 
long  flexors  are  also  very  similar  to  that  of  B.  flavivcTiter,  the 
chief  differences  consisting  in  the  continuation  of  the  superficial 
slip  of  the  flexor  fibvlaris  as  a  muscular  body  into  the  foot,  where, 
as  the  flexor  digitorum  brevis,  it  gives  off  the  perforated  tendons 
for  the  three  middle  toes,  none  going  to  the  fifth  digit.  Flexor 
tibialis  arises  mainly  from  the  heads  of  the  fibula  and  tibia, 
being  scarcely  connected  with  the  shaft  of  the  latter  bone,  which 
is  occupied  by  the  insertion  of  the  pronator  tibiae  (jpopliteus) 
muscle,  and  is  inserted  into  the  metatarsal  of  the  rudimentary 
hallux.  Tibialis  posticus  is  quite  similar  to  that  of  C^cscus 
maculaiiLS. 

Perameles  nastUa. — Flexor  fibvlaris  is  of  great  size,  arising 
from  the  greater  part  of  the  fibula,  interosseous  membrane,  and 
tibia  below  the  insertion  of  the  popliteus.  The  fibular  and  tibial 
parts  are  divided  by  a  groove,  in  which  lies  the  upper  half  of 
the  extremely  slender  tendon  of  the  tibialis  posticus.  These 
parts  form  strong  tendons,  which  unite  into  one  large  tendon 
above  the  ankle  joint,  which,  passing  into  the  foot,  divides  into 
three  parts — two  large  for  the  fourth  and  fifth  toes,  and  a  slender 
one  (which  again  divides  into  two)  for  the  rudimentary  second 
and  third  toes;  no  tendon  goes  to  the  rudimentary  hallux. 
Flavor  tibialis  is  altogether  absent.  Tibialis  posticus  is  reduced 
to  the  smallest  possible  size  ;  its  muscular  part  (not  larger  than 
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a  barley-corn)  arises,  under  cover  of  the  popliteus,  from  the  tibial 
side  of  the  head  of  the  fibula,  and  forms  a  thread-like  tendon, 
which  lies  concealed  for  half  its  length  in  the  deep  furrow 
between  the  tibial  and  fibular  heads  of  the  Jl€a:or  fibularis,  then 
emerging  abruptly,  and  running  down  on  the  surface  of  the 
tendon  of  the  fibular  head,  it  crosses  the  internal  malleolus  in  a 
shallow  groove,  and  is  inserted  into  the  scaphoid  bone. 

Many  anatomists  would,  no  doubt,  consider  the  tibial  part  of 
this  muscle  (which,  as  above  described,  sends  down  a  tendon  to 
join  that  of  the  fibular  part  above  the  ankle  joint),  as  the  fiexm* 
tibialis,  fused  in  its  muscular  part  with  the  Jlexor  fibvlaris ;  but 
the  fact  that  its  tendon,  instead  of  crossing  the  tibialis  posticiis, 
is  crossed  by  the  tendon  of  that  muscle,  and,  moreover,  instead 
of  entering  the  foot  in  a  groove  on  the  back  of  the  internal 
malleolus,  as  in  all  other  species,  enters  it  in  union  with  the 
tendon  of  the  Jlexor  fibularis,  proves  that  it  is  really  but  the 
tibial  head  of  that  muscle,  and  that  the  flexor  tibialis  is  altogether 
absent.  This  will  be  additionally  demonstrated  further  on  to 
be  actually  the  case. 

ArUechinus  swainsoni — Flexor  fihularis  is  large,  arising  from 
the  greater  part  of  the  fibula  and  part  of  the  interosseous 
membrane,  and  forms  a  thick  tendon,  which,  passing  into  the 
foot,  divides  into  four  slips  for  the  four  outer  toes.  Flexor 
tibialis  is  small,  arising  from  the  head  of  the  tibia  on  its  fibular 
side  and  from  part  of  the  shaft  of  the  bone,  forms  a  long  tendon, 
which  glides  over  the  back  of  the  internal  malleolus,  superficial 
to  that  of  the  tiiialis  posticus,  and  spreads  out  into  an  aponeurosis, 
from  which  is  given  off  the  flexor  tendon  of  the  hallux  and  the 
perforated  tendons  for  the  other  toes,  being  connected  by  a 
narrow  fascial  band  with  the  tibial  side  of  the  flexor  flhidaris. 
Tibialis  posticus  arises  under  cover  of  the  preceding  from  the 
head  of  the  fibula  in  connection  with  the  flexor  flhularis,  which, 
further  down,  separates  it  from  the  interosseous  membrane,  and, 
forming  a  long  tendon,  crosses  the  back  of  the  internal  malleolus 
under  cover  of  the  tibialis  posticus,  and  is  inserted  into  the 
scaphoid  bone. 

Dasyurus  macrurus, — Flexor  flitUaris  arises  from  the  greater 
part  of  the  fibula  and  the  interosseous  membrane,  and  forms  a 
very  thick  tendon,  which  divides  in  the  foot  into  fouj  slips  for 
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the  four  outer  toes.  Flexor  tibialis  is  moderately  developed ; 
arising  from  the  fibular  side  of  the  upper  half  of  the  back  of 
the  tibia,  and  from  part  of  the  interosseus  membrane,  forms  a 
strong  tendon  which  passes  down  in  a  groove  on  the  back  of  the 
internal  malleolus,  superficial  to  the  tibialis  posticus,  and,  after 
entering  the  foot,  divides  into  three  slips, — outer,  middle,  and 
internal, — the  outer  becomes  confluent  with  the  plantar  fascia, 
and  unites  with  the  tibial  margin  of  the  expanded  plantaris 
tendon,  being  finally  inserted  into  the  integument  of  the  sole  of 
the  foot  along  the  base  of  the  longitudinal  internal  callosity ; 
the  middle  forms  a  long  slender  tendon  inserted  into  the  terminal 
phalanx  of  the  rudimentary  hallux  ;  and  the  internal  is  inserted 
into  the  ento-cuneiform  bone,  and,  joining  the  inner  tendon  of 
the  Jlexorcs  breves  of  the  hallux,  into  the  base  of  the  proximal 
phalanx  of  that  digit. 

The  middle  division,  forming  the  flexor  tendon  for  the  hallux, 
at  first  sight  appears  to  be  connected  with  the  tendon  of  the 
Aexor  Jibvlaris',  but  the  connecting  band  is  found  on  closer 
examination  to  proceed  from  the  side  of  the  os  calcis  across  the 
under  surface  of  the  tendon,  and  seems  to  be  the  rudiment  of  a 
flexor  accessorius. 

Thi/lacinns  cyTwcephaliLs. — Flexor  fibidaris  is  a  very  large  and 
powerful  muscle.  It  occupies  the  outermost  place  of  the  deep 
muscles  on  the  back  of  the  leg,  and  it  takes  origin  from  the  whole 
length  of  the  posterior  surface  of  the  fibula.  The  thick  rope-like 
tendon  in  which  it  ends  enters  the  sole  by  passing  forwards  on 
the  back  of  the  astragalus,  and,  after  being  joined  by  the  tendons 
of  the  flexor  tibialis,  it  splits  into  four,  viz.,  a  tendon  for  each 
toe.  Flexor  tibialis  springs  from  the  posterior  aspects  of  the 
shaft  of  the  tibia  in  its  upper  two-thirds,  and  also  by  a  pointed 

^  Strangely  mistaken  for  the  plantaris  by  Owen  {AnaL  Vertebr.  Aniin,  iii. 
pp.  14,  15),  who  also  describes  under  the  name  of  flexor  digitoncm  loiufus  the  inter- 
osseous pronator  tibue  muscle.  The  true  plantaris  really  arises,  as  usual,  from 
the  back  of  the  external  condyle  of  the  femur,  passes  down  under  cover  of  the 
gasiromcniius,  and  its  tendon,  gliding  over  the  heel  bone,  enters  the  foot,  where 
it  spreads  out,  becoming  united  with  the  plantar  fascia,  and  giving  off  three 
tendons,  which  are  inserted  into  the  fascia  and  integument  of  the  three  midtUe 
toes,  while  from  its  deep  surface  and  from  the  os  calcis  muscular  fibres  arise,  from 
which  four  tcinlons  are  given  ofl*  t*»  form  the  perforated  tendons  of  the  four  outer 
toes. 
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and  separate  process  from  the  back  of  the  internal  tuberosity 
of  the  tibia  and  the  posterior  ligament  of  the  knee  joint.  At 
the  inner  ankle  it  crosses  the  tendon  of  the  tibialis  posticus 
obliquely,  and  entering  the  sole  ends  by  joiniDg  the  large  tendon 
of  the  Jlexor  JUmlaris.  Tibialis  posticus  is  small  in  size,  and  in- 
termediate in  position  between  the  flexor  Jibularis  and  the  Jlexor 
tibialis.  It  has  apparently  no  direct  bony  attachment  at  its 
origin,  but  springs  from  the  fascia  which  covers  the  poplitcus, 
whilst,  externally,  it  is  inseparably  connected  with  the  flexor 
fibtUaris.  At  the  inner  ankle  its  tendon  passes  under  cover  of 
that  of  the  fleoMfr  tibialis,  and  proceeds  along  the  inner  margin  of 
the  foot  to  be  inserted  into  the  internal  cuneiform  bone,  and  into 
the  base  of  the  first  metatarsal  bone.^ 

Diddphys  virginianus. — Flexor  flibularis  arises  from  the  greater 
part  of  the  back  of  the  fibula,  and  forms  a  strong  tendon,  which 
divides  into  five  slips  for  the  five  toes.  Flexor  tibialis,  small, 
arises  from  the  fibular  side  of  the  upper  fifth  of  the  tibia,  lying 
between  the  tibialis  posticus  and  that  bone,  and  forms  a  slender 
tendon,  which  passes  down  superficial  to  that  of  the  tibialis 
posticus  on  the  back  of  the  internal  malleolus,  and,  uniting 
with  the  tendinous  tibial  side  of  the  fl,exor  brevis  of  the  hallux, 
is  with  it  inserted  into  the  base  of  the  first  phalanx  of  that 
digit  Immediately  after  crossing  the  ankle  joint,  part  of  the 
flexor  digitorum  brevis  arises  from  the  surface  of  the  tendon  of 
this  muscle,  and,  passing  outwards,  unites  with  the  general  mass 
of  the  muscle  arising  from  the  tendon  of  the  flexor  flJmlaris,  so 
that,  at  first  sight,  the  tendon  of  the  fl^or  tibialis  appears  to  be 
united  with  that  of  the  flexor  flbvlaris.  Tibialis  posticus,  about 
the  size  of  the  preceding  muscle,  arises  from  the  head  of  the 

*  Taken  from  Prof.  D.  J.  Cunningham's  excellent  description  of  the  anatomy 
of  this  species  {Voycige  of  H.M.S.  "  Challenger"  "Zoology,"  vol.  v.  p.  42),  the 
names  only  of  the  muscles  having  been  altered.  Such  a  remarkable  difference  in 
the  mode  of  the  attachment  of  the  tendon  of  Wiq  flexor  tibialis  in  two  so  compara- 
tively closely  allied  species  as  Dast^urus  macrurus  and  Thylacinus  cynocephahcs, 
has  no  known  parallel  elsewiierc,  as  will  be  shown  when  concluding  this  paper, 
and  suggests  the  question  whether  the  union  may  not  be  due  to  the  remnant  of 
a  rudimentary  flexor  aeeessorivs,  such  as  I  have  described  in  Dasyurtcs,  having 
formed  a  connecting  band  between  the  tendons,  which,  originally  sejjarate  in  an 
ancestral  form  provided  with  a  hallux,  have,  with  the  disappearance  of  that 
digit,  become  thus  reunited. 
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fibula  in  close  connection  with  the  fie,wr  fibularis,  and  forms  a 
slender  tendon,  which  passes  down  under  cover  of  that  of  the 
fleocor  tibialis  across  the  malleolus,  but  in  a  separate  synovia 
sheath,  and  is  inserted  into  the  scaphoid  bone. 

In  the  poephagous  marsupials,  Macropodidce,  the  flexor  tibialis 
and  tibialis  posticus  become  rudimentary,  or  are  altogether 
wanting.  In  Macrojms  giganteiis  the  tibialis  posticus  has  dis- 
appeared, and  the  rudimentary /ca;or  tibialis  arising  superficially 
from  the  inner  side  of  the  head  of  the  fibula  has  its  very  slender 
tendon  inserted  into  the  en  to-cuneiform  bone^;  while  in  Hypsi- 
pryrnnus  gaimardi  (Plate  V.  fig.  9)  the  reduction  in  the  number 
of  the  flexor  muscles  of  the  feet  has  reached  its  greatest  extent, 
t\\Q  flexor  flhdaHs  alone  remaining  of  the  three  long  flexors,  and 
the  short  plantar  muscles  are  altogether  absent. 

Edentata. 

TjciTnandtia  tetradactyla. — Flexor  fibidaris  is  very  large,  arising 
from  nearly  the  whole  fibula,  and  forms  a  broad  flat  tendon, 
which  in  the  foot  receives  obliquely  on  its  plantar  and  inner 
surface  the  large  flsxor  accessorius. 

Flexor  tibialis  appears  to  be  the  direct  continuation  of  the 
lower  margin  of  the  popliteus  into  the  foot ;  its  slender  tendon 
passes  downwards  on  the  inner  side  of  the  internal  malleolus 
in  a  groove  by  itself,  and  is  inserted  into  the  sesamoid  bone  over 
the  ento-cuneiform  bone. 

Tibialis  posticus  is  a  small  muscle  arising  from  the  heads  of 
the  tibia  and  fibula  and  intervening  interosseous  membrane; 
its  tendon,  which  is  slightly  larger  than  that  of  the  preceding, 
passes  across  the  malleolus  in  a  groove  between  those  for  the 
preceding  muscles,  and  is  inserted  into  the  scaphoid  bone. 

Cyclothurus  didadylus. — In  the  two-toed  sloth,  according  to 
Galton,^  a  similar  arrangement  of  the  flexor  tibialis  {tibialis 
posticus  secunduSy  Galton)  and  tibialis  posticus  exists. 

Dasypus   sexcinctus. — The  myology  of  this  species  has  been 

'  It  is,  of  course,  impossible  to  be  absolutely  sure  that  this  muscle  is  not  the 
homologue  of  the  tibialis  postictiSf  but  its  superficial  position  and  mode  of  inser- 
tion lead  me  to  consider  it  the  ficxor  digitorum  tibialis. 

'  On  the  Myology  of  Cyclothurus  didadylus,^'  Ann.  Mag.  Nat,  Ilist,^  1869. 
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described  by  Owen  and  Galbou,  and  the  following  account  of 
the  arrangements  of  the  long  flexors  has  been  taken  from  the 
description  of  these  muscles  by  the  latter  writer,  the  names  of 
fiexcT  fibularis  and  Jlexor  tibialis  being  substituted  for  those  of 
Jltjcor  longus  digitonim  and  tibialis  posticus  (in  part)  respectively. 

Flexor  fibularis  arises  from  the  whole  posterior  surface  of  the 
fibula,  the  interosseous  membrane  and  the  fibular  aspect  of  the 
tibia,  forms  a  broad  tendon,  which  divides  into  five  tendons  for 
the  five  toes.  Flexor  tibialis  arises  from  the  middle  third  of  the 
posterior  surface  of  the  tibia,  immediately  below  the  inner  head 
of  the  tibialis  posticus,  with  the  tendon  of  which  its  tendon 
passes  down,'  lying  in  the  same  groove,  but  to  the  tibial  side 
and  running  over  the  scaphoid  tubercle,  is  inserted  into  the 
posterior  patt  of  an  ossicle  which  lies  alongside  the  free  edge 
of  the  ento-cuneiform  bone.  From  the  anterior  margin  of  this 
ossicle  a  strong  ligament  or  tendon  passes,  to  be  inserted  into  the 
tibial  side  of  the  base  of  the  proximal  phalanx  of  the  hallux. 
Tibialis  posticus  arises  by  two  short  heads,  the  inner  from  the 
upper  third  of  the  posterior  surface  of  the  tibia,  the  outer  from 
that  part  of  the  head  of  the  fibula  which  is  anchylosed  to  the 
tibia. 

Tolypeutes  conurus. — Fleoior  fibvMris  arises  from  the  posterior 
surface  of  the  fibula,  the  whole  of  the  interosseous  membrane, 
and  about  the  middle  fourth  of  the  shaft  of  the  tibia,  and  forms 
a  strong  tendon,  which,  passing  into  the  sole,  is  there  transformed 
into  a  thick  solid  sesamoid  ossicle,  from  the  distal  end  of  which 
the  five  tendons  for  the  five  toes  arise.  Flexor  tibialis  is  very 
small ;  it  arises  as  a  slight  muscular  slip  from  the  inner  malle- 
olus, and  is  inserted  into  the  extra  free  portion  of  bone  at  the 
proximal  end  of  the  hallux.  Tibialis  posticus  has  origin  by  a 
somewhat  laterally  compressed  aponeurotic  tendon  from  the 
head  of  the  fibula,  and  by  fleshy  fibres  from  the  back  of  the 
shaft  of  the  tibia  to  the  inner  side  and  below  the  popliteus,  as 
far  as  tlic  upper  end  of  the  lower  fourth  of  the  shaft.  Its  tendon 
glides  in  a  separate  groove  behind  the  inner  malleolus,  passes 
beneath  the  internal  lateral  ligament,  and  is  inserted  into  the 
cuneiform  bone.^ 

'  Slightly  abridged,  and  with  the  names  of  the  ranscles  changed,  from  Dr. 
Marie's  paper  on  the  "Three-banded  Armadillo,'*  Trans,  Linn.  Soc^  xxx.  pp. 
101,  102. 
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Chlamydophorus  ttimcatus, — Flexor  fihxdaris  arises  and  is 
inserted  as  ia  the  preceJiug  species.  Flexor  tibialis  arises  from 
the  tibia  below  the  insertion  of  the  poplitevs  muscle ;  its  tendon 
accompanies  that  of  the  tibialis  posticus,  and  is  inserted  into  the 
ossicle  lying  at  the  proximal  end  of  the  halluceal  metatarsal. 
Tibialis  posticus  arises  from  the  head  of  the  fibula,  in  intimate 
union  with  the  flexor  flbularis;  its  tendon  passes  round  the 
internal  malleolus,  and  is  inserted  into  the  tubercle  of  the 
scaphoid  bone. 

Oryderopus  capeusis. — Flexor  flhularis  arises  from  the  posterior 
surface  of  the  fibula,  from  the  interosseous  membrane,  and 
from  the  adjoining  margin  of  the  tibia,  and,  forming  a  strong 
flat  tendon,  divides  into  five  for  the  five  toes.  Flexor  tibialis 
arises  in  intimate  union  with  both  the  fl^exor  flbvJaris  and 
the  tibialis  posticus  from  the  inner  aspect  of  the  head  of  the 
fibula,  the  opposite-looking  edge  of  the  posterior  portion  of 
the  tibia,  and  in  part  from  the  interosseous  membrane.  A 
little  above  the  internal  malleolus  its  tendon  is  given  oflf, 
which,  passing  in  a  groove  superficial  to  that  of  the  tibialis 
posticus,  enters  the  foot  and  divides  into  two  slips.  One  joins 
by  a  broad  expansion  the  tendon  of  the  flexor  fliularis,  the  other 
terminates  at  the  posterior  part  of  the  sesamoid  ossicle,  which 
lies  alongside  of  the  en  to-cuneiform  bone,  and  which  is  attached 
by  a  ligament  proceeding  from  its  anterior  extremity  to  the  inner 
side  of  the  base  of  the  proximal  phalanx  of  the  hallux.^ 

The  mode  of  insertion  of  the  tendon  of  the  flexor  tibialis,  as 
may  be  seen  from  the  above  account,  differs  from  that  of  other 
edentates,  resembling  that  of  the  Insectivore,  Solenodon  cuhanus 
(Plate  IV.  fig.  2,/ 1.).  In  this  order,  therefore,  as  in  Insectivora, 
the  two  leading  modifications  of  the  muscle  are  exemplified. 
This  adds  yet  another  proof  to  the  many  of  the  correctness  of 
Professor  Flower's  statement  that  "  Oryderopus  is  a  form  in  most 
respects  perfectly  apart  from  all  the  others."* 

^  Slightly  abridged,  and  with  the  names  of  the  muscles  changed,  from  Gal  ton's 
paper  on  the  *' Myology  of  the  Upper  and  Lower  Extremities  of  Orycteropus 
capeiisis,*'  Tram.  Linn.  Soc.  xxvi.,  pp.  596,  597. 

•  Proc.  Zool.  Soc,  1882,  p.  364. 
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RODENTIA. 

LeptLs  cunicultis. — Flexor  fibularis  arises  from  the  outer  surface 
and  back  of  the  rudimentary  fibula,  from  the  intermuscular 
septum  separating  it  from  the  peronei  muscles,  from  the  fibular 
side  of  the  head  of  the  tibia,  and  from  the  interosseous  membrane, 
a  few  fibres  are  attached  to  the  fibular  margin  of  the  tibia ; 
the  muscular  mass  thus  formed  sends  off  two  tendons — one  flat 
and  superficial,  the  other  (the  main  tendon)  deep  and  round. 
These  tendons  pass  round  the  malleolus  together.  In  the  foot  the 
superficial  flat  tendon  joins  the  tibial  side  of  the  larger  tendon 
(Plate  VI.  fig.  10),  and  the  united  tendons  send  off  slips  to  the 
four  toes,  piercing  the  tendons  of  the  plantaris.  The  smaller 
superficial  muscle  is  evidently  the  rudiment  of  the  flexor  tibiaiis; 
the  larger,  the  flexor  fliularis.  There  is  no  tibialis  posticus ;  a 
muscle  which  has  been  considered  as  representing  it  arises  from 
the  prominent  postero-intemal  side  of  the  head  of  the  tibia 
immediately  below  the  insertion  of  the  tendon  of  the  semi- 
ttndinosus,  forms  a  smaU  muscular  mass  lying  on  the  insertion 
of  the  popliteus,  and  a  long  tendon  which  passes  behind  the 
internal  malleolus,  and  unites  at  the  base  of  the  first  phalanx  of 
the  inner  toe  with  the  tendon  of  the  extensor  communis  digitorum 
for  that  toe.  This  muscle  is,  however,  evidently  the  repre- 
sentative of  the  extensor  hcdluds  longus,  which,  in  many  animals 
possessing  a  hallux,  sends  also  a  slip  to  the  extensor  communis. 

Hystrix  cristata. — Flexor  flimlaris  arises  from  the  whole  length 
of  the  fibula  and  from  the  interosseous  ligament,  and,  forming  a 
flattened  tendon  at  the  ankle,  passes  into  the  foot,  and  receives 
on  its  tibial  side  the  smaller  and  similarly  flattened  tendon  of 
XhQ  flexor  tibialis  (Plate  VI.  fig.  9),  which  arises  from  the  tibia, 
and  is  connected  above  with  the  poplUeus,  Tibialis  posticus  is 
simple,  arising  from  the  heads  of  the  fibula  and  tibia,  and  inserted 
into  the  scaphoid  bone,  its  tendon  passing  round  the  malleolus 
with  that  of  the  flexoi*  digitorum, 

FrUhizon  dorsatus, — Flexor  flhularis  arises  from  three-fourths 
of  the  posterior  surface  of  the  fibula,  and,  forming  a  very  thick 
tendon,  passes  into  the  foot,  where  it  unites  with  that  of  the 
fl^exor  tibialis;  the  latter  arises  from  the  tibia  below  the  insertion 
of  the  papliteus,  and  passes  round  the  internal  malleolus  in  a 
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groove,  at  the  bottom  of  which  lies  the  teudou  of  the  tibialis 
posticus,  which  is  about  the  same  size,  and  arises  from  the  head 
of  the  fibula  and  from  the  adjoining  interosseous  membrane, 
and  is  inserted  into  the  scaphoid  bone. 

Syndheres  jprehensilis, — Flexor  fibtdaris  is  very  strong,  arising 
from  almost  the  whole  length  of  the  tibia.  Flexor  tibialis  is 
smaller,  taking  origin  from  half  the  shaft  of  the  tibia  posteriorly 
below  the  insertion  of  the  popliteus,  with  which  and  with  the 
tibialis  posticrts  it  is  intimately  connected ;  its  tendon  winds 
round  the  internal  malleolus  in  a  deep  groove,  at  the  bottom  of 
which  lies  the  tendon  of  the  tibialis  posticus,  and,  spreading  out, 
unites  with  the  superficial  surface  of  the  Jleocor  fibvlaris  tendon 
(which  divides  into  three  slips  for  the  three  inner  toes),  and 
sends  a  tendon  to  the  outermost  digit  Tibialis  postyms  is  very 
large — larger  than  the  flexor  tibialis — arising  partly  under  cover 
of  it  fropi  the  interosseous  membrane,  the  adjoining  edge  of  the 
tibia,  and  from  the  head  of  the  fibula  in  connection  with  the 
fleocor  flhularis  ;  its  tendon,  which  equals  that  of  th^  flexor  tibialis, 
passes  down  with  and  under  cover  of  it  in  the  same  groove  on 
the  postero-internal  side  of  the  malleolus,  and  is  inserted  into 
the  scaphoid  bone. 

Octodon  cumingii — Flexor  flhtdaris  and  flexor  tibialis  are  both 
well  developed ;  the  former  is  the  larger,  arising  from  the  fibula, 
the  fibular  margin  of  the  tibia,  and  the  intervening  interosseous 
membrane.  Flexor  tibialis  arises  from  the  middle  third  of  the 
posterior  surface  of  the  shaft  of  the  tibia  under  the  insertion  of 
the  popliteus,  and  forms  a  tendon  nearly  as  tliick  as  that  of  the 
fl£xor  fibvlaris,  which,  passing  into  the  foot,  unites  with  the 
superficial  surface  of  the  tendon  of  the  latter  muscle  (Plate  VI. 
fig.  8).  Tibialis  posticus  is  quite  concealed  by  these  large  muscles ; 
it  arises  from  the  interosseous  membrane  and  sides  of  the  upper 
third  of  the  posterior  surface  of  the  tibia  and  fibula,  in  close 
connection  with  both  the  tibial  and  fibular  flexors,  and  forms  a 
slender  tendon,  which,  passing  round  the  internal  malleolus 
under  cover  of  the  fl£xor  tibialis,  is  inserted  into  the  scaphoid 
bone. 

Cavia  flavidens. — Flexor  fllmlaris  arises  from  almost  the  whole 
length  of  the  fibula  from  the  interosseous  ligament,  and  by  a  few 
fibres  from  the  tibia,  whore  it  is  closely  connected  with  those  of 


Digitized  by 


Google 


HOMOLOGIES  OF  TUR  LONG  FLEXOR  MUSCLES.  161 

the  flexor  iibialis,  and,  forming  a  strong  tendon,  enters  the  foot, 
and  divides  into  three  tendons  for  the  three  toes.  Flexor  tibialis 
arises  from  the  tibia  below  the  insertion  of  the  poplUens,  covering 
and  concealing  the  iibialis  posticus,  and  forms  a  tendon  smaller 
than  that  of  the  flexor  flivlaris,  which  it  joins  superficially  about 
the  middle  of  the  sole  of  the  foot  by  a  flat  slip ;  but  the  main 
tendon  accompanies  the  inner  tendon  of  the  flexor  flinUaris,  and, 
passing  with  it  through  the  tendon  of  the  plantaris  (which  forms 
the  perforated  tendons  for  the  toes,  as  in  most  mammals),  is 
inserted  alongside  it  into  the  extremity  of  the  last  phalanx  of 
the  inner  toe. 

Cavia  cdbaya. — ^The  arrangement  of  the  flexor  muscles  and 
their  tendons  is  very  simQar  to  that  of  Cavia  flavideTis. 

Cavia  rupestris, — Flexor  flindaris  and  flexor  tibialis  arise  to- 
gether from  the  fibula,  interosseous  membrane,  and  margin  of 
the  tibia  below  the  popliteus.  In  the  lower  third  of  the  leg  the 
slender  tendon  of  the  latter  separates,  and,  passing  across  the 
internal  malleolus  with  the  tendon  of  the  tibialis  posticus  (which 
lies  on  its  tibial  mai^in),  enters  the  foot  and  joins  the  side  of  the 
large  fibular  flexor  tendon  of  the  toes,  passing  chiefly  to  the 
inner  toe.  Tibialis  posticus  arises  by  a  narrow  origin  from  the 
adjacent  parts  of  the  heads  of  the  tibia  and  fibula,  forms  a 
moderate-sized  muscle,  with  a  larger  tendon  than  that  of  the 
flexor  tibialis,  and  is  inserted  into  the  scaphoid  bone. 

Dasyproeta  cristcUa. — Flexor  tibialis  is  comparatively  small, 
arising  from  a  few  delicate  fibres  from  the  head  of  the  fibula,  but 
mainly  from  the  back  of  the  tibia,  except  the  part  covered  by  the 
popliteus.  It  becomes  tendinous  superficially  above  the  middle 
of  the  leg,  and  joins  in  the  foot  the  broader  tendon  of  the  flexor 
fibularis. 

Chinchilla  lanigera. — Flexor  fibularis  is  large,  arising  from  the 
fibula  and  interosseous  membrane,  as  well  as  from  the  fascia 
attached  to  the  tibia,  and  overlying  the  fl^oaor  tibialis;  its  tendon 
is  joined  in  the  foot  (precisely  as  in  Potamogale  velox)  by  the 
slender  tendon  of  the  flexor  tibialis,  which  arises  from  the  upper 
third  of  the  tibia  under  the  insertion  of  the  popliteus.  Tibialis 
posticus  has  a  thicker  tendon,  which  runs  alongside  that  of  the 
fl^exoT  digUorum  to  the  ankle,  which  it  crosses  in  the  same 
groove,  but  in  a  different  synovial  compartment ;  it  arises  from 

VOL.  xvn.  L 


Digitized  by 


Google 


162  G.    K.    DOBSON. 

the  heads  of  the  tibia  and  fibula,  but  chiefly  from  the  latter,  and 
is  inserted  into  the  scaphoid  bone. 

It  is  remarkable  that  the  relations  of  these  muscles  are  almost 
precisely  similar  to  those  of  the  corresponding  muscles  in  the 
widely-removed  Potaniogale  vdox. 

Dipus  cegyptvus, — The  long  flexor  muscles  are  almost  precisely 
as  iu  Chinchilla  lanigera  ;  the  tibialis  posticus^  however,  difl'ers  in 
being  much  smaller  and  wholly  concealed  above  by  the  jlexor 
tibialis,  and  in  having  a  more  slender  tendon  (Plate  VI.  fig.  1). 
The  plarUaris  forms  altogether  the  perforated  tendons  for  the  three 
toes,  which  are  but  loosely  connected  with  the  bases  of  the  first 
phalanges,  and  inserted  into  the  sides  of  the  distal  extremities 
of  the  second  phalanges.  There  is  no  trace  of  a  flexor  digitorum 
brevis,  flexor  dccessoritcSj  lumbricales,  or  flexores  breves. 

Alectaga  indica. — In  this  five-toed  species  of  Dipodidce,  the 
arrangement  of  the  long  flexors  in  the  leg  is  precisely  similar  to 
that  of  the  three-toed  Dipus.  The.three  tendons  pass  downwards 
on  the  back  of  the  tibia,  touching  by  their  contiguous  mm^gins, 
that  of  the  flexor  tibialis  being  between  the  other  two.  Near  the 
ankle  the  tendons  of  the  fl^exor  tibialis  and  tibialis  posticus  are 
drawn  slightly  towards  the  iuner  malleolus,  which  they  cross,  as 
usual,  in  a  groove  distinct  from  that  occupied  by  the  flexor 
fhularis,  with  the  tendon  of  which  that  of  the/eax>r  tibialis  soon 
unites  after  entering  the  foot.  The  common  tendon  sends  off 
slips  to  the  first  and  fifth  toes,  and  much  lower  down  divides 
into  three  for  the  three  middle  toes.  The  plarUaris  supplies  the 
perforated  tendons  for  these  toee  (Plate  YI.  fig.  2). 

Zapvs  hwds&mus, — This  species,^  which  of  all  the  Lipodidos 
approaches  the  murine  rodents  most  closely  in  general  structure, 
has  nevertheless  also  the  characteristic  hystricine  arrangement  of 
the  flexor  tendons  described  above.  FlexorflbtUaris  (Plate  VI.  fig. 
4,/./.)  arises  from  the  whole  posterior  surface  of  the  rudimentary 
fibula,  from  the  interosseous  membrane,  and  from  the  fibular 
margin  of  the  tibia  under  cover  of  the  popliteus,  and  forms  a 
strong  tendon,  which  passes  into  the  foot  and  receives  on  its 
inner  side  the  tendon  of  the  tibial  flexor.  Flexor  tibialis  (Plate 
VI.  fig.  4,/.  t)  ia  very  much  smaller,  arising  from  the  tibia  imme- 

^  The  type,  accoiding  to  Coues,  of  a  distinct  family  Zapodidcd. 
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diately  below  the  insertion  of  the  poplitms,  soon  forms  a  slender 
tendon,  which  passes  downwards  between  those  of  the  flexor 
JSmlaris  and  tibialis  posticus,  and  after  crossing  the  ankle-joint 
divides  (as  in  Sdenodon,  aubamis)  into  two  (fig.  4,  a),  one  unites 
with  the  tendon  of  the  flexor  flbtdaris,  to  form  the  perforating 
tendons  for  the  five  toes,  the  other  goes  to  the  base  of  the 
central  callosity  of  the  sole  of  the  foot.  Tibialis  posticus  (Plate 
VI.  fig.  4,  t,p.)  is  still  smaller,  arising  under  cover  of  the  popliteus 
from  the  contiguous  parts  of  the  heads  of  the  fibula  and  tibia, 
and  from  the  interosseous  membrane ;  it  passes  down  under  cover 
of  the  flexor  tibialis  to  the  middle  of  the  leg,  where  its  tendon 
beoomes  superficial,  lying  on  the  tibial  side  of  the  tendon  of  the 
flexor  tibialis,  and  crossing  the  ankle-joint,  is  inserted  into  the 
scaphoid  bone. 

ThjOTiuymys  talpoides, — Flexor  tibialis  arises  from  the  tibia  imme- 
diately below,  and  almost  in  continuation  of>  the  insertion  of 
the  popliteus,  crosses  the  internal  malleolus  in  a  groove  internal 
to  the  tibialis  posticus,  and  divides  into  two  tendons ;  one  goes 
to  the  sesamoid  ossicle  over  the  ento-cuneiform  bone,  the  other 
is  inserted  into  the  side  of  the  flexor  flhularis.  The  latter  muscle 
is  very  large,  arising  from  the  fibula  and  part  of  the  tibia,  and 
receives  on  its  plantar  surface  the  fibres  of  a  large  flexor  acces- 
sorites.  Tibialis  posticus  is  well  developed,  arising  between  the 
preceding  muscles  from  the  adjacent  parts  of  the  heads  of  the 
fibula  and  tibia,  and  from  the  interosaeus  membrane  between, 
and  its  tendon,  passing  down  between  those  of  the  preceding 
muscles,  is  inserted  into  the  scaphoid  bone. 

Dipodomys  phUlipsi. — The  arrangement  of  the  long  flexor 
muscles  and  their  tendons  is  as  in  Dipvs  cegyptius  {vide  supra), 
but  the  tibialis  posticus  is  exceedingly  slender,  forming  an  almost 
invisible  tendon. 

RiihyergiLS  maritimvs, — In  the  great  rodent  moles  of  the  family 
Spaladdce,  on  the  other  hand,  we  find  an  arrangement  of  the  long 
flexors  according  to  the  second  or  EriTuxceus  type.  Flexor  flJmlaris 
(Plate  VL  fig.  6,/./.)  is  very  large,  arising  from  the  whole  fibula, 
part  of  the  interosseous  membrane,  and  the  lower  half  of  the 
tibia,  and  forms  a  strong  tendon  from  which  the  five  tendons  for 
the  toes  are  given  off.    Flexor  tibialis  (Plate  VI.  fig.  6,/.  ^.)  is  much 
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smaller,  but  well  developed,  arising  from  the  inner  side  of  the 
head  of  the  tibia,  and  passing  down  across  the  insertion  of  the 
popliteus  muscle,  forms  a  slender  tendon,  which  crosses  the  back 
of  the  malleolus,  and  enters  the  foot  internal  to  the  tibialis 
posticm,  then  crossing  obliquely  towards  the  internal  cuneiform 
bone,  is  inserted  into  a  broad  sesamoid  ossicle  lying  on  the  tibial 
margin  of  that  bone,  corresponding  to  the  plantar  callosity  at 
the  base  of  the  hallux.  Tibialis  posticus  (Plate  VI.  fig.  6,  t.p,)  is 
remarkably  large,  arising  from  the  head  of  the  fibula,  in  close 
connection  with  the  flexor  flindaris,  from  the  adjacent  margin  of 
the  tibia,  and  from  the  lower  margin  of  the  popliteus,  and  passing 
down  in  a  separate  groove  on  the  malleolus,  on  the  tibial  side  of 
the  tendon  of  the  tibialis  posticus,  is  inserted  into  the  scaphoid 
bone. 

The  popliteus  (Plate  VI.  fig.  6,  p.)  is  remarkable  for  its  inser- 
tion into  the  head  of  the  fibula  as  well  as  into  the  tibia,  and  the 
flexor  accessorius  (f,  a,)  crosses  the  tendon  of  the  flexor  flbularis 
in  the  foot,  to  be  inserted  into  the  base  of  the  slip  given  off  to 
the  hallux. 

If,  with  the  Dipodidoe,  we  compare  the  anatomy  of  the  long 
flexors  in  Gerbillince,  the  species  of  which  resemble  those  of  the 
former  family  in  their  long  hind  limbs,  we  find,  as  follows,  a 
totally  distinct  arrangement. 

GerbUlus  indicus, — Flexor  flbvlaris  (Plate  VT.  fig.  S,f.f,)  is  very 
large,  arising  from  the  head  and  shaft  of  the  fibula  as  far  as  its 
junction  with  the  tibia ;  from  the  interosseous  membrane,  and 
the  adjoining  edge  of  the  tibia ;  forms  a  strong  tendon  which 
divides  into  five  tendons  for  the  five  toes.  Flexor  tibialis  is 
altogether  absent.  Tibialis  posticus  (Plate  VL  fig.  3,  t.p.)  is  small, 
arising  in  close  connection  with  the  popliteus,  and  forming  a 
slender  tendon,  which  is  inserted  into  the  scaphoid  bona  There 
is  a  pair  of  flexores  breves  for  each  toe,  and  an  adductor  indicts, 
in  this  respect  also  differing  from  Dipus,  in  which  there  are 
none;  but,  as  in  that  genus,  there  are  no  lumbricales  and  no 
flsxor  a^xessorius. 

The  Arvicolince,  on  the  other  hand,  possess  the  tibial  flexor, 
but  its  relations  are  similar  to  those  of  the  corresponding  muscle 
in  Frinaceus  europceus  ;  in  the  Musquash, 

Fiber  zibethicus. — Flexor  flivJaris  (Vlate  VI.  fig.  5,/./)  is  very 
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large,  arisiDg  from  the  rudimentary  fibula  and  interosseous 
membrane,  and  by  tendinous  slips  from  the  upper  half  of  the 
tibia;  it  forms  a  strong  tendon,  which  divides  into  five  for  the  five 
toes,  receiving  no  JUosor  accessoritts.  Flexor  tibicUis  (/  t.)  is  very 
slender,  arising  from  the  tibia  as  a  small  muscular  mass  below 
tiie  insertion  of  the  poplUeus,  and  also  from  the  intermuscular 
&8cia  between  it  and  the  tibialis  posticus;  it  forms  a  slender 
tendon  which  passes  down  superficial  and  external  to  the  tendon 
of  the  latter  muscle  in  the  same  groove  on  the  back  of  the 
malleolus,  and  running  along  the  inner  margin  of  the  foot 
beneath  the  integument  and  areolar  tissue,  is  inserted  into  the 
fascia  covering  the  metatarsal  bone  and  first  phalanx  of  the 
hallux.  Tibialis  posticus  (t  p,)  arises  from  the  tibia  under  cover 
of  the  poplOcus,  and  above  the  origin  of  the  preceding  by  a  much 
thicker  muscular  mass,  and,  forming  a  thicker  tendon,  passes 
downwards,  as  above  described,  and  is  inserted  into  the  scaphoid 
bone.  The  plantaris  divides  into  four  tendons  for  the  four  outer 
toes,  those  for  the  third  and  fourth  divide  into  two  slips,  each  of 
which  pass  forward,  as  usual,  on  either  side  of  the  perforating 
tendon  to  their  insertions,  while  those  from  the  second  and  fifth 
toes  form  only  a  single  slip  each,  which,  in  the  second  digit, 
passes  down  to  its  insertion  into  the  irmcr  side  of  the  middle 
phalanx,  and  in  the  fifth  digit  is  inserted  into  the  outer  side  of 
the  corresponding  phalanx.  These  tendons,  therefore,  act  not 
only  as  flexors,  but  also  as  adductors  of  the  second  and  fifth  toes, 
drawing  them  outwards  from  the  middle  line,  and  so  exposing 
the  fringes  of  hairs  (which  in  this  species  take  the  place  of  inter- 
digital  membranes),  as  when  the  animal  is  swimming,  the  hallux 
being  abducted  by  the  tendon  of  iAiQ  flexor  tibialis, 

Arvicola  amphibius. — Flexor  flbidaris  as  above.  Flexor  tibialis 
arises  in  close  connection  with  the  tibialis  posticus,  and  appears 
to  be  a  direct  continuation  of  the  popliteus ;  it  forms  a  slender 
tendon,  which  passes  down  in  company  with  that  of  the  tibialis 
posticus,  and  superficial  to  it  in  the  groove  on  the  back  of  the 
internal  malleolus,  and,  running  along  the  internal  margin  of  the 
foot,  unites  with  the  tendinous  extremity  of  the  inner  division  of 
the  pair  of  flexores  breves  for  the  hallux,  and  is  with  it  inserted 
into  the  base  of  the  first  phalanx  ;  tibialis  posticus  arises  under 
cover  of  the  preceding  from  the  tibia,  and  forms  a  slender  tendon, 


Digitized  by 


Google 


166  G.   E.   D0B80N. 

which,  passing  down  as  above  described,  is  inserted  into  the 
scaphoid  bone. 

In  Murines  the  arrangement  is  generally  similar  to  that  above 
described ;  in  Sigmodon  hispidvs  thefleocor  fibuUms  is  very  large 
arising  from  the  whole  length  of  the  rudimentary  fibula,  from 
the  interosseous  membrane,  and  from  the  adjoining  tibial  margin; 
JlexoT  tibialis  arises  superficially  from  the  head  of  the  tibia  and 
from  the  intermuscular  fascia,  and,  forming  a  very  slender  tendon, 
is  inserted  into  the  tibial  side  of  the  first  metatarsal.  Tibialis 
posticus,  from  the  heads  of  the  tibia  and  fibula,  under  cover  of 
the  preceding,  forms  a  thicker  tendon  inserted  into  the  scaphoid 
bone. 

The  Myooddm  closely  resemble  the  Muridm  in  the  arrangement 
of  the  long  flexors : — in 

Myoxus  avellanari'iiSf  the  flexor  flindaris  is  as  in  Arvicola 
amphibivs ;  flexor  tibialis  is,  however,  much  smaller;  its  very 
slender,  thread-like  tendon,  after  entering  the  foot,  spreads  out 
into  a  fascial  aponeurosis,  which  is  connected  with  the  base  of 
the  central  callosity  of  the  sole,  and  with  the  sheath  of  the 
halluceal  tendon  from  the  fleosor  flhUaris. 

The  Sduroifwrplux  closely  resemble  the  Myomorpha  in  the 
anatomy  of  these  muscles,  as  may  be  seen  from  the  following 
descriptions : — 

Sdurus  vulgaris, — Flexor  flbviaris  is  very  large,  arising  from 
the  greater  part  of  the  fibula,  the  interosseous  membrane,  and 
by  a  few  fibres,  from  the  margin  of  the  tibia ;  it  forms  a  thick 
tendon,  which  receives  in  the  foot  the  fibres  of  the  flexor  a/xes- 
soTxus ;  and  divides  into  five  slips  for  the  five  toes,  the  four  outer 
perforating  the  four  tendons  of  the  plantaris  for  these  digits,  the 
outermost  of  which  receives  a  tendon  from  the  flexor  accessorius. 
Flexor  tibialis  arises  from  the  greater  part  of  the  posterior  margin 
of  the  tibia,  some  of  its  fibres  being  united  with  those  of  the  pre- 
ceding muscle,  and  forms  a  much  smaller  tendon,  which  passes 
in  a  distinct  groove  on  the  tibial  side  of  the  malleolus  along 
with  the  tendon  of  the  tibialis  posticus,  developing  lower  down 
a  sesamoid  bone,  which  glides  over  the  scapho-cuneiform  joint, 
and  the  tendon,  continuing  onwards  over  the  flexores  breves  for 
the  hallux,  is,  with  their  inner  tendon,  inserted  into  the  inner 
side  of  the  haso  of  the  first  phalanx  of  that  digit,  precisely  as  in 
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Sorex  (see  Plate  IV.  fig.  4,/.  t).  Tibialis  posticus  is  a  small  muscle 
which  arises  from  the  heads  of  the  fibula  and  tibia,  under  cover 
of  the  poplitem,  and  forms  a  slender  tendon  which  passes  down- 
wards in  a  groove  on  the  back  of  the  internal  malleolus,  along 
with  the  tendon  of  the  JUosor  tibialis,  and  is  inserted  into  the 
scaphoid  bone. 

Sduraptertis  /fi^ardi— The  arrangement  of  the  flexors  is 
similar  to  that  above  described,  but  there  is  only  a  flat  ligament 
in  place  of  the  fleocar  ctccessarius ;  flexor  tibialis  is  a  very  small 
muscle,  arising  high  up  under  the  margin  of  the  insertion  of  the 
popliieus;  its  tendon  runs  down  along  with  that  of  the  tibialis 
-posticus,  which  arises  as  in  Sdurus,  and  both  are  inserted  as  in 
the  preceding  species ;  but  the  flexor  tibialis  is  not  connected  by 
a  tendinous  slip  with  the  hallux. 

Ungulata. 

In  all  Ungulata,  however  modified  the  extremities  may  be, 
the  arrangement  of  the  long  flexors  conforms  to  the  five-toed 
Centetes  and  Solenodon  type.  The  following  is  a  description  of 
these  muscles  in  the  most  specialised  form,  the  one-toed  horse, 
Equiis  cabaUus.  Flexor  tibialis  is  very  small,  arising  from  the 
postero-extemal  surface  of  the  head  of  the  tibia  above,  and 
internal  to  the  origin  of  the  fleocor  fllmlaris,  and  between  it  and  the 
edge  of  the  popliteus  muscle,  (which  occupies  the  whole  postero- 
internal upper  third  of  the  tibia  by  its  insertion);  the  long 
slender  tendon  passes  down  in  a  groove  on  the  inner  side  of  the 
inner  malleolus,  and  joins  the  large  tendon  of  the  flexor  flbvlaris 
about  the  middle  of  the  proximal  third  of  the  metatarsal  bone. 
Tibialis  posticus  is  altogether  absent. 

Tapirus  sumatranus, — Flexor  flivlaris  arises  from  the  upper 
three-fourths  of  the  shaft  and  head  of  the  fibula  and  from  the 
interosseous  membrane  ;  its  muscular  belly,  however,  reaches  to 
the  08  calcis,  and  covers  the  whole  of  the  fibula.  It  there  forms 
a  strong  tendon  behind  the  os  calcis,  which  winds  round  to  the 
inner  side  and  forms  the  very  strong  thick  flattened  tendon  of  the 
sole.  This  is  joined  by  the  flexor  tibialis  opposite  the  proximal 
end  of  the  metatarsal,  and  the  two  unitedly  passing  forward  about 
two  inches,  again  subdivide  into  the  three  very  strong  thick  and 


Digitized  by 


Google 


168  G.   E.   DOBSON. 

broad  perforating  tendons  of  the  digits.  Flexor  tibialis  arises  by 
flattened  tendinous  fascia  from  the  (posterior  tuberosity)  styloid 
process  of  the  head  of  the  fibula,  deeper  and  within,  but  in  union 
with  the  JUxor  Jibularis,  It  forms  a  moderate-sized  belly,  which 
crosses  inwards  about  the  middle  of  the  tibia,  and  ends  in  a  strong 
narrow  round  tendon  above  the  malleolus.  This  glides  in  the 
groove  behind  the  tibial  malleolus,  and  crosses  again  somewhat 
outwards  in  a  similar  shallow  groove,  joining  the  broad  plantar 
tendon  of  the  flexor  flhdaris  at  the  proximal  end  of  the  meta- 
tarsus.    Tibialis  posticus  ahaent^ 

Tapirus  americanus. — In  a  young  specimen  of  this  species,  the 
tendons  for  the  three  toes  were  found  given  off  by  the  flexor 
flhularis  before  the  flexor  tibialis  united  with  that  muscle  in 
the  sole ;  each  of  these  tendons  was  joined  by  a  corresponding 
slip  from  \he  flexor  tibialis  before  passing  through  the  perforated 
tendon.*  According  to  H.  N.  Turner  *  the  tibialis  posticus  is 
wanting  in  this  species  also. 

In  these  four-toed  Buminants,  the  arrangement  of  these  muscles 
is  on  the  same  plan  as  in  the  one-toed  horse,  the  only  difiTerence 
consisting  in  the  number  of  tendons  given  off  after  the  union  of 
the  tibial  and  fibular  flexors  in  the  foot ;  in  all  cases  the  tibialis 
posticus  appears  to  be  absent. 

Hyhacoidea. 

Hyrax  dorsatus. — The  flexor  flhdaris  is  very  large,  arising  from 
the  fibula,  interosseus  membrane,  and  adjoining  surface  of  the 
tibia,  ilexor  tibialis  is  smaller  but  well  developed,  from  the 
head  of  the  fibula  with  the  preceding,  from  the  interosseous 
membrane,  and  from  the  middle  third  of  the  tibia  below,  and 
external  to  the  large  popliteus ;  its  tendon  is  inserted  into  the 
side  of  the  larger  tendon  of  the  flexor  flhularis  in  the  foot,  and 
sends  a  special  slip  with  that  of  the  flexor  fliularis  to  the  second 
toe.     Tibialis  posticus  is  altogether  absent,  as  in  Ungvlata.^ 

^  This  account  of  the  origin  and  connections  of  the  long  flexor  muscles  of  the  feet 
in  Tajpirua  sumatranua  is  taken  (with  some  necessary  alterations)  from  Dr. 
Murie's  paper  in  this  Journal,  vi.  p.  165. 

'Schulze,  Siebold  and  Eolliker,  Zeiisehr.  Wisaensch.  Zool,  1867,  iL  15,  pi.  ilL 

•  Proc  Zool.  Soc,  1850,  p.  106. 

*  The  Jlexor  accessortiis  described  by  Messrs.  Mivart  and  Murie  {Proc  Zool.  Soc^ 
1865,  p.  350,  lig.  13a)  as  arising  from  the  plantar  surface  of  the  deep  flexor  tendon, 
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PROBOSCIDEA. 

Elephtts  indicus. — Flexor  tibialis  arises  by  tendinous  and 
fleshy  fibres  from  the  postero-internsl  surface  of  the  head  of 
the  fibula.  An  additional  slip,  small  and  tendinous,  proceeds 
from  the  tibia,  internal  to  the  insertion  of  the  popliteiis,  from 
the  oblique  ligament  between  the  tibia  and  fibula,  and  from  the 
septum  between  it  and  the  tibialis  posticus.  The  muscle 
becomes  tendinous  opposite  the  tuberosity  of  the  os  calci^  and 
passes  into  the  sole  along  a  groove  at  the  junction  of  the 
astragalus  with  the  sustentaculum  tali.  Flexor  fibvlaris,  a  larger 
muscle,  arises  from  the  posterior  and  internal  surfaces  of  the 
fibula,  and  from  the  septum  between  the  two  muscles.  It  passes 
through  a  distinct  sheath.  Opposite  the  ento-cuneiform  bone, 
thtfiexoT  tUnalis,  which  lies  superficial  to  the  other,  spreads  out, 
and  blends  by  its  deep  surface  with  the  tendon  of  the  jlexor 
Jibularis.  The  separate  flexor  tendons  are  given  off  after  this 
junction.  The  small  tendon  to  the  first  digit,  and  that  to  the 
fifth,  are  furnished  almost  entirely  by  the  Jlexor  tibialis,  while 
those  to  the  middle  digit  proceed  from  the  two  flexors  jointly  (?) 
Tibialis  posticus  is  concealed  beneath  the  flexor  tibialis.  It  arises 
from  the  posterior  surface  of  the  tibia,  below  what  answers  to 
the  oblique  line ;  from  the  adjacent  surface  of  the  fibula,  and 
largely  from  the  intermuscular  septum  between  this  muscle  and 
ihe  flexor  tibialis.  It  ends  in  a  tendon  which  passes  through  a 
distinct  sheath  on  the  inner  malleolus,  and  is  inserted  into  the 
upper  surface  of  the  bases  of  the  second  and  third  metatarsals, 
being  crossed,  immediately  above  its  insertion,  by  the  tibialis 
anticus} 

It  appears,  however,  to  me  doubtful  if  this  be  really  the 
homologue  of  the  tibialis  posticus,  and  I  am  inclined  to  regard  it 
rather  as  the  representative  of  the  extensor  hallucis  longus,  the 
origin  of  which  has  migrated,  as  in  Lepvs  {vide  sxupra,  p.  159),  to 
the  posterior  aspect  of  the  tibia.  Tae  absence  of  the  tibialis 
posticus  would  add  another  character  uniting  this  order  with  the 
Hyracoidea  and  Ungulata, 

and  inserted  into  the  middle  tendon  of  the  flexor  brevis  digUorum  in  H,  eapensis, 
does  not  exist  in  Katal  specimens  of  this  6i)ecies. 
*  MiaU  and  Greenwood,  Jour.  Anat,  and  Phys.,  xii.  pp.  284,  285. 
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Carnivoka. 


The  arrangement  of  the  long  flexors  in  Camivoiu  may  be  de- 
scribed as  being  formed  on  the  Centetes  type  (Plate  IV.  fig.  1). 
There  is  always  a  pair  of  long  digital  flexors,  of  which  thejlexor 
tibialis  tendon  accompanies  that  of  the  tibialis  'posticus  round  the 
internal  malleolus,  and  is  inserted  into  the  side  or  superficial 
surface  of  the  fleooor  fibularis.  The  following  are  descriptions  of 
the  origins,  insertions,  and  relations  of  these  muscles  in  some  of 
the  most  representative  species. 

Mustela  vulgaris, — Flexor  fibularis  is  much  larger  than  the 
Jieocor  tibialis.  It  arises  from  the  head  and  part  of  the  shaft  of 
the  fibula  and  (by  a  large  slip  underlying  the  tibialis  posticvs) 
from  the  head  of  the  tibia ;  forms  a  large  tendon  which  passes 
into  the  foot,  and  receives  the  tendon  of  the  Jlexor  tibialis  on  its 
tibial  side.  Flexor  tibialis  arises  from  the  greater  part  of  the 
tibia  under  cover  of,  and  below  the  insertion  of  the  poplileus, 
with  which  it  is  closely  connected,  and  by  a  slip  from  the  head 
of  the  fibula,  in  connection  with  the  fibres  of  the  JUocor  JUnUaris  ; 
its  tendon  passes  round  the  internal  malleolus  along  with  the 
tendon  of  the  tibialis  posticus,  and  is  inserted  into  the  side  of 
the  tendon  of  the  flexor  flindaris,  the  common  tendon  dividing 
into  slips  for  the  five  toes.  Tibialis  posticus  is  well  developed, 
arising  from  the  heads  of  the  fibula  and  tibia  under  cover  of  the 
poplitevs,  forms  in  the  lower  third  of  the  leg  a  tendon  slightly 
larger  than  those  of  that  flexor  tibialis,  and,  passing  round  the 
internal  malleolus  on  the  tibial  side  of  the  tendon  of  the  latter 
muscle,  is  inserted  into  the  en  to-cuneiform  bona  The  pronator 
tibice  is  Well  developed  and  quite  distinct  from  the  popliteus; 
there  is  a  lai^e  flexor  accessorius  which  sends  also  a  slip  to  the 
tendon  for  the  hallux. 

Herpestes  mpalensis, — Flexor  flimlaris  has  a  very  extensive 
origin,  from  almost  the  whole  length  of  the  fibula,  from  the 
interosseus  membrane,  and  from  the  fibnlar  side  of  the  tibia  from 
about  the  level  of  the  poplitevs  insertion,  to  within  a  short 
distance  from  the  distal  extremity  of  the  bone ;  forms  a  thick 
tendon,  which,  passing  into  the  foot,  receives  the  flexor  a/xessoritts, 
and  on  its  tibial  side  the  tendon  of  the  flexor  tibialis,  and 
divides  into  five  slips  for  the  five  toes.     F/exor  tibialis,  much 


Digitized  by 


Google 


HOMOLOGIES  OF  THE   LONG  FLEXOR  MUSCLES.  171 

smaller,  furises  by  a  narrow  slip  from  the  head  of  the  fibula,  and 
by  a  rather  extensive  origin  from  the  tibia,  under  cover  of  the 
insertion  of  the  popliteus,  and  below  it  to  a  short  distance  below 
the  centre  of  the  bone,  and,  forming  a  slender  tendon,  which 
passes  round  the  internal  malleolus,  and  is  inserted  into  the  tibial 
side  of  the  tendon  of  the  flexor  flbularis.  Tibialis  posticus  is 
placed  between  the  preceding  muscles,  arising  from  the  head  of 
the  fibula,  and  by  a  few  fibres  from  the  fibular  margin  of  the 
upper  third  of  the  tibia  in  connection  with  the  flexor  flimlaris; 
it  forms  a  slender  tendon,  which  passes  down  with  and  on  the 
fibular  side  of  the  tendon  of  the  flexor  tibialis,  and  is  inserted 
into  the  ento-cuneiform  bone. 

Viverra  dvetta. — Flexor  flJbularis^  fibular  in  origin,  is  quite 
separate  from  the  fl^exor  tibialis  in  the  leg,  the  latter  is  tibial  in 
origin,  its  tendon  runs  into  the  sole,  and  is  there  joined  by  that 
of  the  fl>exor  flhulaHs,  and  splits  into  five  tendons  for  the  five 
toes.  Tibialis  posticus  arises  from  the  posterior  surfaces  of  both 
tibia  and  fibula,  and  passes  to  the  scaphoid  boue.^ 

Nasva  socialis, — Flexor  flimlaris  as  above.  Flexor  tibialis  is 
comparatively  large,  and  arises  from  the  tibia  in  connection  with 
the  insertion  of  the  poplileus,  HIxq  tibialis  posticus  arising  under 
cover  of  it  from  the  tibia,  interosseous  membrane,  and  part  of 
the  fibula.    Insertions  of  the  three  muscles  as  above  described. 

Nandinia  binotalus. — Flexor  tibialis^  in  contrast  to  the  usual 
condition,  is  slightly  longer  than  the  flexor  flbularis,  and  arises 
from  the  head  of  the  fibula,  the  interosseous  membrane,  and  the 
tibia  under  cover  of  the  popliteus^  with  which  it  is  more  or  less 
connected  Tibialis  posticus  is  mucli  smaller,  and  concealed  by 
it,  arising  from  the  heads  of  the  fibula  and  tibia,  and  the  inter- 
vening interosseus  membrane ;  its  long  flat  tendon  passes  through 
the  groove  on  the  inner  side  of  the  internal  malleolus  under  cover 
of  the  tendon  of  the  ilexor  tibialis.  The  tendons  of  the  fl^exor 
fibularis  and  flexor  tibialis  unite  in  the  foot,  and  divide  into  five 
slips  for  the  five  toes ;  that  of  the  tibialis  posticus  is  inserted  iuto 
the  scaphoid  bone. 

Hycena  crocuta. — Flexor  flimlaris  arises  from  the  superior  ex- 
tremity and  upper  half  of  the  shaft  of  the  fibula,  from  a 
corresponding  extent  of  tibia,  and  from  the  interosseus  mem- 

^  Young,  Jour.  Anat  and  Phys.j  xiv.  p.  17.5. 
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brane.  Flexor  tibialis  is  much  smaller,  aud  springs  from  the 
head  of  the  fibula  and  intermuscular  septa,  separating  it  from 
neighbouring  muscles.  The  tendons  of  these  muscles,  passing 
through  separate  sheaths  in  the  annular  ligament,  unite  in  the 
sole  of  the  foot  to  form  a  single  broad  tendon,  from  which  four 
slips  are  derived ;  these,  after  perforating  the  superficial  flexor 
tendons,  are  inserted  into  the  terminal  phalanges  of  the  toes. 
Tibialis  posticus  is  small,  and  arises  below  ^^poplittus  from  the 
middle  third  of  the  postero-intemal  border  of  the  tibia;  its 
t.endon  is  inserted  into  the  scaphoid  and  ento-cuneiform  bones.^ 

Canis  familiaris, — In  the  dog  the  arrangement  of  the  long 
flexors  is  very  similar  to  that  above  described. 


Chiroptera. 

The  arrangement  of  the  long  flexors  of  the  feet  in  the  bats 
conforms  to  the  Centetes  type,  and  resembles  generally  that 
characteristic  of  the  insectivorous  genus  Tupaia,  especially  in 
the  lai^e  size  of  the  flexor  tibialis,  which  in  this  order  appears  to 
reach  its  maximum  relative  development  There  is  but  slight 
variability  throughout  the  species,  as  may  be  seen  from  the 
following  account  of  the  relations  of  these  parts  in  species 
characteristic  of  the  leading  divisions  of  the  order. 

Ptcropus  samoensis, — Flexor  tibialis  is  very  large,  arising  by  a 
thick  fleshy  mass  from  the  external  condyle  of  the  femur  and 
from  the  posterior  surface  of  the  tibia,  forming  a  etrong  tendon 
which  unites  in  the  foot  superficially  with  the  fibular  flexor. 
Flexor  flbvlaris  smaller,  arises  from  the  fibular  side  of  the  head 
of  the  tibia,  and  from  the  greater  part  of  the  posterior  surface  of 
the  fibula,  forms  a  tendon  smaller  than  that  of  the  flexor  tibialis, 
which,  on  entering  the  foot,  divides  into  two,  which  again  bifur- 
cate, forming  four  slips,  inserted  seriatim  into  the  tendons  given 
off  by  the  flexor  tibialis  for  the  four  outer  toes,  the  hallux  being 
supplied  altogether  by  the  latter  muscle.  Tibialis  posticus  is 
remarkably  large,*  arising  from  the  lower  half  of  the  tibia,  from 
the  interosseus  membrane,  and  from  the  adjacent  margin  of  the 

>  Watson  and  Young,  Proe,  Zool,  Soc,  1879,  p.  103. 

^  Thus  contrasting  with  that  of  Pteropus  cdtoardsii,  in  which  this  muscle  is 
(kscribed  by  Professor  Humphry  {J.  A.  P.,  vol.  iii.  p.  13)  as  being  small. 
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tibia,  and  forms  a  strong  tendon  inserted  into  the  middle  cunei- 
form bone. 

Atalpha  cinerecu— Flexor  JSmlaris  and^.  tibialis  are  about  the 
same  size;  the  former  arises  by  a  narrow  head  from  the  external 
condlye  of  the  femur,  and  lower  down  where  the  fibula  becomes 
strong,  from  the  middle  and  part  of  the  lower  third  of  that  bone  ; 
the  latter  muscle  arises  from  the  upper  half  of  the  fibular  side  of 
the  back  of  the  tibia,  and,  forming  a  longer  and  somewhat  stronger 
teudon,  enters  the  foot  by  passing  across  the  internal  malleolus, 
unites  with  the  superficial  surface  of  the  tendon  of  the  Jlexor 
JSmlaris,  and  gives  off  the  tendons  for  the  five  toes.  Tibialis 
posiievs  is  well  developed,  arising  between  and  under  cover 
of  the  preceding  muscles,  from  the  interosseous  membrane 
and  the  adjoining  margins  of  the  tibia  and  fibula,  and  its 
tendon,  passing  into  the  foot  between  the  tendons  of  the 
above-described  flexors,  is  inserted  into  the  fibular  side  of 
the  scaphoid  bone. 

The  bats  are  thus  seen  to  differ  in  the  relative  size,  and,  gener- 
ally, in  the  relations  of  their  long  flexor  muscles  in  the  leg,  from 
all  other  mammals.  The  Jlexor  Jibidaris,  instead  of  much  exceed- 
ing the^.  tibialis  in  size,  is  scarcely  equal  to  it,  and,  moreover, 
has  its  origin  from  the  femur  as  well  as  from  the  fibula,  except 
in  the  species  of  Molossinos  (elsewhere  termed  by  me  the  most 
quadrupedal  of  bats),  where  the  fibula  is  well  developed,  and  in 
which  alone  the  gastrocnemius  is  not  in  an  almost  rudimentary 
condition.  In  this  origin  of  the  Jl.  fibularis  from  the  femur,  bats 
resemble  birds.  Tibialis  posticus,  also,  differs  in  passing  across 
the  ankle  between  the  two  long  flexor  tendons,  not,  as  in  the 
great  majority  of  mammals,  on  the  tibial  side  of,  or  under  cover 
of,  the  ^.  tibialis. 

Mdossus  obscurtis, — Flexor  fibvlaris  arises  from  the.  greater 
part  of  the  back  of  the  fibula.  Flexor  tibialis  arises  from  the 
heads  of  the  tibia  and  fibula,  but  chiefly  from  the  latter  bone, 
and  by  a  few  fibres  from  the  interosseus  ligament,  forms  a 
tendon  veiy  nearly  as  large  as  that  of  the  Jlexoi*  fibularis,  which 
it  joins  in  the  foot,  and  afterwards  divides  into  tendons  for  the 
five  toes.  Tibialis  posticus,  from  the  interosseus  ligament  chiefly, 
is  well  developed,  forming  a  tendon,  but  slightly  smaller  than 
that  of  the  flexor  tibialis,  and  is  inserted  into  the  scaphoid  bone. 
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passing  across  the  malleolus  on  the  fibular  side  of  the  tendon  of 
the  flexor  tibialis. 

This  exemplifies  the  condition  of  the  flexor  muscles  in  a 
species  with  well-developed  fibulae  and  tibiae.  In  the  next  the 
fibulae  are  very  slender. 

Noctilio  leporinus, — Flexor  flhvlaria,  small,  arises  from  the 
external  lateral  ligament  of  the  knee  joint,  and  from  almost  the 
whole  length  of  the  very  slender  fibula.  Flexor  tibialis  is  much 
larger,  arising  by  two  well-developed  heads, — an  external  from 
the  outer  side  of  the  head  of  the  tibia,  and  an  internal  from  the 
tibia  below  the  insertion  of  the  poplUeus;  these  unite  and  con- 
tinue to  take  origin  from  the  upper  half  of  the  shaft  of  the 
tibia,  and  form  a  strong  tendon,  which  passes  down  on  the  inner 
side  of  the  malleolus,  and  joins  the  superficial  surface  of  the 
tendon  of  the  fleocorflimtaiHs,  sending  a  tendon  to  the  hallux,  and 
uniting  with  the  other  to  form  the  slips  for  the  four  outer  toes. 
Tibialis  posticus  is  well  developed,  arising  from  the  tibia,  under 
cover  of  the  preceding,  and  from  the  interosseus  membrane ;  it 
forms  a  strong  tendon,  which  passes  into  the  foot  in  a  groove 
between  the  two  long  flexors,  and  is  inserted  into  the  scaphoid 
bone. 

PRlBiATES. 

All  the  species  conform  to  the  Centetes  type,  although  there  is 
much  variability  in  the  manner  in  which  the  tendons  for  the  toes 
are  given  off,  often  exemplified  even  in  diflferent  individuals  of  the 
same  species. 

Lemurida^. — Flexor  tibialis  is  a  very  long  but  rather  slender 
muscle  arising  from  the  upper  two-thirds  of  the  posterior  surface 
of  the  tibia  below  the  popliteus  and  from  the  peroneal  side  of  the 
head  of  that  bone,  its  uppermost  part  ascending  between  the  tibia 
and  the  rotator  flbulas.  It  is  inserted  by  a  strong  tendon  which 
passes  on  the  tibial  side  of  the  fleocor  flJmlaris,  where  it  gives 
oflF  a  delicate  tendon,  which  joins  a  corresponding  and  lai^ger  one 
from  the  flexor  flbularis  (to  form  the  flexor  tendon  of  the  hallux), 
and,  afterwards,  becomes  intimately  blended  with  the  main  pait 
of  the  tendon  of  the  last-named  muscle,  the  two  giving  rise  to 
the  four  perforating  tendons  of  the  four  outer  digits,  but  the 
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fiexor  tibudis  forms  almost  exclusively  that  of  the  fifth  digit  and 
but  a  small  part  of  the  others.  Flexor  fibiUaris  is  considerably 
larger  than  the  preceding, — arising  from  the  whole  posterior 
surface  of  the  fibula  to  its  summit  and  from  the  whole  of  the 
interosseus  membrane,  also  from  the  peroneal  side  of  the  tibia 
towards  its  distal  end.  In  the  sole  of  the  foot  it  gives  off  a  large 
tendon  to  the  hallux,  and  then  blends  with  the  tendon  of  the 
last-named  muscle.^ 

Simiadce. — ^The  new  world  monkeys  resemble  the  lemurs  in 
the  diBtribution  of  the  flexor  tendons.  Flexor  fibularis  supplies 
the  three  middle  toes,  sending  a  slip  to  join  the  tendon  from  the 
flexor  tibialis  for  the  first  digit.  This  is  also  the  arrangement  in 
some  of  the  old  world  species,  but  in  Cercopitheeus  and  C^7u>- 
etphalus^  the  hallux  is  supplied  by  a  tendon  from  the  flexor 
JUndaris,  which  curves  in  a  peculiar  manner  round  the  slip  given 
off  by  the  tibial  flexor  for  the  second  toe. 

AnihropidcB. — ^The  arrangement  of  the  long  flexor  tendons  in 
man  is  but  a  modification  of  that  observed  in  Simiadce, 

If  now  we  tabulate  the  results  of  the  above  described  investi- 
gation into  the  arrangement  of  the  long  flexor  muscles  of  the 
feet  in  Mammalia,  as  follows,  we  shall  find  that  they  have  an 
important  bearing  on  the  classification  of  the  families : — 


Flexor  digitorum  tSriaUs  united 
in  the  K)ot  with  the  Flexor 
ddgilortat /Untiaria. 


iChrysoehlorttJUB. 
CerUeticlas, 
SoUnodorUidce. 
PotamogalidcB. 
MacroeeeHcUB, 
Tuj^iidce. 


Chiboftbba. 

RonKNTU. 

Edkntata. 

HTBAGOIDiiA. 

UyeuLiiTA. 
Pboboscidba  } 
Cajuotora. 

PaiHATES. 


(  Htstrioomorpha. 
t  Laoomorpha. 
OryderttpodidcB. 

y  aVo  tibialis  posticus. 


B.  Flexor  digitorum  tibialis  not  connected  in  the 
foot  with  the  Flexor  digitorum  Jibularis, 


(Tal^of. 
iNSBonvoRA.  <  Sortcidas. 

iBriiMLceidce, 


Roi^irriA. 


(  soiubomobpha. 
(  Mtomorpha. 

Dasypodidie. 
Edentata.     «<  Bradypodidae. 

Manidee. 


mokotbbmata. 
Majisufialia. 


^  Mttrie  and  Mivart,  Trans,  Zooh  Soc,  1872,  pp.  80,  81. 
^  Scholze,  l,€.j  plate  ii.  figs.  3,  3a. 
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It  may  be  observed,  firstly,  that  the  characters  derived  from 
the  two  leading  modes  of  arrangement  of  the  long  flexor  tendons 
in  the  foot  are  applicable  in  a  very  wide  sense,  for,  given  a 
certain  species,  it  may  be  safely  assumed  (as  I  have  proved  from 
an  examination  of  a  very  large  series  of  representative  species) 
that  every  species  of  the  family,  if  not  of  the  order,  to  which  the 
species  in  question  may  belong  will  be  found  on  examination  to 
possess  either  a  similar  arrangement  of  the  flexor  tendons  in  the 
feet  or  some  slight  modification  not  affecting  the  general  law. 
Thus  all  the  families  may  be  found  arranged  under  one  or  other 
of  the  two  sections,  A  or  B,  above,  and,  with  three  exceptions 
only,  all  the  orders  are  similarly  distributed.  It  is  further 
noticeable  that,  with  these  three  exceptions,  all  the  orders  of 
Placental  Mammals  are  referable  to  section  A,  while  the  Impla- 
cental  Mammals  fall  under  B.  Now,  as  I  have  already  shown 
{vide  supra,  p.  146),  the  arrangement  of  the  flexor  tendons  in  the 
animals  included  under  B  is  a  differentiated  state  of  a  primarily 
united  condition  of  the  homologous  structures,  such  as  we  find  in 
the  species  which  make  up  the  families  grouped  under  A,  it 
follows  that  the  Implacental  Mammals,  and  a  few  families  of 
three  orders  of  Placental  Mammals,  also,  of  comparatively  low 
position,  exhibit  in  this  part  of  their  organisation  an  advance  in 
development .  Furthermore,  as  it  is  diflScult  to  conceive  that  in 
any  animals  in  which  a  definite  separation  of  the  tibial  &om  the 
fibular  flexors  had  once  taken  place,  as  in  those  included  under 
section  B,  symmetrical  reunion  of  these  tendons  could  subse- 
quently occur,^  so  we  are  unable  to  consider  that  any  species 
having  the  arrangement  of  the  flexor  tendons  which  has  been 
described  in  the  species  representing  the  families  and  orders  of 
that  section,  can  represent  in  this  respect  the  condition  of  the 
corresponding  parts  in  the  ancestral  forms  from  which  the  great 
majority  of  Placental  Mammals  have  sprung. 

Secondly,  it  may  be  noticed  that  the  mode  of  arrangement  of 
the  flexor  tendons  has  a  very  important  beeiring  in  determining 
the  natural  position  of  certain  families  and  groups  of  families. 
This  is  especially  exemplified  in  JRodentia  where  the  group 
Hystricomorpha  is  placed  next  Lagomorpha,  and  Sciuromorpha 

'  Except  under  the  circumstances  referred  to  above  in  describing  these  musclee 
in  Thyladnus  (see  footnote  to  p.  155). 
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is  associated  with  Myomorpha,  an  arrangement  which,  originally 
adopted  from  a  consideration  of  other  characters,  has  received 
the  approval  of  most  systematic  mammologists.  The  DipodicUe, 
although  hitherto  classed  with  the  Myomorpha  (by  some  zoolo- 
gists even  placed  next  to  the  true  mice),  must,  according  to  the 
arrangement  of  their  long  flexor  tendons  {vide  supra,  p.  162),  be 
removed  to  the  group  Hystricomorphd.  That  this,  notwithstanding 
tiie  united  condition  of  the  tibia  and  fibula,^  is,  indeed,  their  true 
natural  position,  is  furthermore  indicated,  not  only  by  the  great 
size  of  the  infra-orbital  opening  in  the  skull,  but  also  by  the 
form  of  the  zygomatic  arch  and  by  the  position  of  the  malar 
(which  is  almost  identical  with  that  of  the  Ctenodactylince),  as 
well  as  by  many  other  important  characters.  Again,  although 
the  species  of  BcUhyergince  possess  the  so-called  hystricine  form 
of  mandible,  their  position  among  Myomorpha  is  further 
strengthened  by  the  characters  derived  from  the  arrangement 
of  their  long  flexor  tendons  (vide  supra,  p.  163).  In  Insedivora 
the  dose  afl&nity  of  the  three  families,  Erinaceidce,  Soriddce, 
and  Talpidce,  receives  additional  confirmation,  and  a  single  im- 
portant character,  not  hitherto  known,  for  separating  them  in  a 
group  by  themselves  is  afibrded.  Finally,  in  Edentata,  we 
obtain  another  most  important  proof  of  the  isolated  position 
of  Orycteropus  {vide  supra,  p.  158),  which  has  been  lately  ably 
demonstrated  by  Professor  Flower.^ 


EXPLANATION  OF  PLATES  IV.  AND  V. 

Order  INSECTIVORA. 

Fig.  1.  Centetes  EC audatus.— Dissection  of  posterior  aspect  of 
right  leg  and  sole  of  foot  (nat  size),  showing  the  following  muscles  : — 
p.  popliteus  ;  f .  f.  flexor  digitorum  fihidaris  ( =fl.exor  hallucis  longus); 
f.  t,  flexor  digitorum  tibialis  {=  flexor  digitorum  longus);  t.  p.  tibialis 
posticus ;  t.  a.  tendo  achillis  ;  pi.  plantaris  tendon ;  f .  a.  flexor  acces- 
sorius ;  a},  s?,  a^,  adductor  hallucis,  ad,  indicis,  ad.  minimi  digiti; 
underlying   them    the   flexor es    breves    may    be    seen ;    ab.o.m.    ab- 

*  Far  too  mnch  importance  has  been  aAcribed  to  the  condition  of  the  leg  bones 
in  Rodeniia  as  a  basis  for  classifying  the  families.  The  union  of  the  fibnla  with 
the  tibia  in  Dipodidce,  as  well  as  in  other  mammals,  is  a  purely  adaptive  character, 
and  should  not  be  considered  of  more  importance  than,  for  example,  the  union  of 
the  metatarsas  in  Dipus,  which  has  also  evidently  beec  brought  about  by  special 
adaptation  of  the  hinder  extremities  for  leaping. 

*  Proe.  Zool.  8oc.,  1882. 

VOL.  xvn.  M 
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ductor  ossis  metatarsi  minimi  digiti ;  f.  b.  Jiexor  digitorum  brevis. 
The  tendons  of  the  long  flexors  of  the  toes  are  divided  above  the 
ankle,  and  their  pedal  extremities  reflected,  showing  the  distribution 
of  the  three  divisions  of  the  jiex&r  digitorum  fibularis  (JL  hallucts 
longus)  to  the  three  middle  toes,  those  of  the  fleasor  digitorum  tibialis 
(fl,  digitorum  longus)  supplying  the  hallux  and  fifth  toe. 

Fig.  2.  SoLBNODON  CUBANUS. — Dissection  of  posterior  aspect  of  right 
leg  and  part  of  the  sole  of  the  foot  (nat.  size).  (Muscles  homologous 
with  those  in  fig.  1  are  indicated  by  similar  letters).  The  tendon  of 
the  flexor  digitorum  tibalis  is  seen  dividing  below  the  ankle-joint  into 
two  slips,  one  unites  with  the  side  of  the  tendon  of  the  fl,  digitorum 
fibula)'is,  the  other  goes  to  the  first  metatarsal  bone. 

Fig.  3.  Erinaoeus  EUROPiEUS. — Dissection  similar  to  that  in  ^g,  2 
(nat.  size).  The  cut  extremity  of  the  tendon  of  the  flexor  digitorum 
tibialis  is  seen,  which,  divorced  from  its  connection  with  the  flexor 
digitorum  tibialis,  goes  to  the  central  callosity  of  the  sole  of  the  foot, 
its  inner  division  retaining,  as  in  Solenodon,  its  attachment  to  the 
first  metatarsal 

Fig.  4.  SoREX  (Crocidura)  ockrulbsobns. — As  above  (enlarged). 
The  plantar  slip  from  the  tendon  of  the  flexor  digitorum  tibialis  has 
disappeared ;  that  for  the  first  metatarsal  bone  develops  a  sesamoid  bone, 
where  it  glides  over  the  ento-c unciform  bone. 

Fig.  5.  Myogale  pyrenaica. — A'^  above  (slightly  enlarged). 
Flexor  digitorum  flbularis  so  much  increased  in  size  that  it  extends 
upon  the  usual  points  of  origin  of  the  fl.  digitorum  tibialis  and  tibialis 
posticus.  The  latter  is  greatly  reduced  in  size,  and  its  tendon  has 
become  united  above  the  ankle  with  that  of  the  former,  the  united 
tendons  sending  a  slip  (f.  t'.)  to  the  sesamoid  ossicle  supporting  the 
lobular  projection  on  the  tibial  margin  of  the  foot,  and  then  continu- 
ing onwards  to  its  insertion  into  the  tibial  side  of  the  first  phalanx  of 
the  hallux. 

Fig.  6.  Erinacbus  pictus. — As  above  (enlarged).  Flexor  digitorum 
tibialis  has  altogether  disappeared ;  the  fl^eocor  digitorum  fibularis  alone 
forms  the  deep  flexor  of  the  toes. 

Order  MONOTREMATA. 

Fig.  7.  Echidna  setosa. — As  above  (reduced).  Flexai*  digitorum 
fibularis  forms  the  deep  flexor  tendons  for  the  three  inner  toes ;  fiexor 
digitorum  tibialis  arising,  as  in  Centetes,  from  the  head  of  the  fibula 
superficial  to  the  fl,  digitorum  flbularis,  is  inserted  into  the  ungual 
phalanx  of  the  hallux  ;  popliteu^,  arising  above  from  the  external 
lateral  ligament,  is  seen  extending  downwards  to  form  the  pronator 
tibice. 

Order  MARSUPIALIA. 

Fig.  8.  Beudeus  flaviventer. — As  above  (reduced).  Flexor 
digitorum  tibialis  is  seen  arising  from  both  fibula  and  tibia,  and  inserted 
into  the  sesamoid  ossicle  lying  on  the  ento-cuneiform  bone.  Flexor 
digitorum  flbularis  gives  ofl'  the  perforating  tendons  for  the  five  toes  ; 
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in  the  leg  its  superficial  part  (/i^.)  forms  the  perforated  tendons  for 
the  same  digits.  Tibialis  posticus,  passing  down  under  cover  of  the 
flexor  tibialis,  sends  its  very  slender  tendon  (here  drawn  much  too 
thick)  to  the  scaphoid  hone. 

Fig.  9.  Htpsiprtmkus  gaimardl — As  ahove  (reduced).  Flexor 
digiiorum  fihularis  alone  remains,  the  other  two  deep  flexors  having 
altogether  disappeared,  as  well  as  the  plantar  flexor  and  adductors, 
illustrating  the  extreme  degree  of  reduction  in  the  number  of  these 
muscles. 


EXPLANATION  OF  PLATE  VL 
Order  RODENTLA. 

Fig.  1.  Dipus  .fiGTPTius. — (Muscles,  homologous  with  those  referred 
to  above  in  the  corresponding  parts  of  Centetes  ecaudatus,  are  indicated 
by  the  same  letters).  Dissection  as  above  (nat  size),  showing  arrang- 
ment  and  mode  of  union  of  the  tendons  of  the  fl^eocor  digitorum  ftbidaris 
and  flexor  digitorum  tibialis,  and  position  and  insertion  of  that  of  the 
tibialis  posticus. 

Fig.  2.  Alectaga  indica. — As  above  (nat  size),  except  that  the 
whole  foot  is  shown  in  outline,  with  the  divided  and  reflected  tendon 
of  the  plantaris  (pt,),  which  gives  ofl'  the  perforated  tendons  for  the 
three  middle  toes. 

Fig.  3.  Gbbbillus  indicus. — As  fig.  1  (nat  size).  The  flexor  digi- 
torum  flhidaris  has  altogether  disappeared. 

Fig.  4.  Zapus  HUD80NID8. — As  fig.  1  (slightly  enlarged).  The 
tendon  of  the  flexor  digitorum  tibialis,  before  uniting  with  that  of  the 
flexor  digitorum  fibularis,  sends  a  slip  (f.  t'.,  better  shown  in  fig.  4  a, 
enlarged),  to  the  base  of  the  central  callosity  of  the  sole  of  the  foot 

Fig.  5.  Fiber  ziBBTHicua— As  fig.  1.  The  tendon  of  the  flexor 
digitm'um  tibialis  has  lost  its  connection  with  that  of  the  fl.  digitorum 
fibularis,  but  the  representative  of  the  plantar  slip  in  Zapus  (/.  t'.) 
remains. 

Fig.  6.  Bathyergus  maritihu&  —  As  abova  Flexor  digitorum 
fibularis  and  tibialis  posticus  are  so  large  that  the  flexor  digitorum 
tibialis  has  changed  its  origin  (as  in  Solenodon  cubanus  and  Frinaceus 
europaeus,  Plate  IV.  figs.  2  and  3)  to  the  inner  margin  of  the  head 
of  the  tibia ;  in  the  foot  the  relations  are  similar  to  those  in  fig.  5. 

Fig.  7.  Cavia  plavidbus. —  Enlarged  drawing,  showing  mode  of 
union  of  the  long  flexor  tendons  in  the  foot,  also  the  separate  tendons 
given  by  each  of  these  muscles  to  the  inner  toe. 

Fig.  8.  OcTODON  CUMINGIL — Enlarged  drawing,  showing  mode  of 
union  of  the  long  flexor  tendons  in  the  foot^  and  junction  of  the  flexor 
accessorius  (/.  a.). 

Fig.  9.  Hystrix  ORisTATA.  —  Drawing,  (reduced),  of  long  flexor 
tendons,  showing  their  modes  of  union  in  the  foot,  and  division  into 
five  slips,  (with  lumbricales),  for  the  five  toea 

Fig.  10.  Lepus  cunioulus. — As  above. 
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OBLITERATIVE  ENDARTERITIS,  AND  THE  INFLAM- 
MATORY CHANGES  IN  THE  COATS  OF  THE 
SMALL  VESSELS.  By  Robert  Saundby,  M.D.Edin., 
M.RC.P.  Lond.     (Plate  VII.) 

Inflammatory  changes  in  the  smaller  vessels  have  been 
comparatively  little  studied  in  this  country.  Several  of  these 
appearances  have  never  been  published  in  any  English  work, 
while  some  are  now  described  for  the  first  time. 

German  histologists,  largely  influenced  by  the  opinion  ex- 
pressed by  Virchow  ^  that  the  inner  coat  of  the  vessel  does  not 
participate  in  inflammatory  changes,  were  for  long  blind  to  these 
alterations.  Rindfleisch,*  in  the  second  German  edition  of  his 
work,  declares  that  the  inner  coat  seldom  undergoes  much 
alteration. 

In  France,  MM.  Cornil  and  Ranvier  ^  recognised  that  the  small 
vessels  embedded  in  inflamed  tissues  shared  in  their  inflamma- 
tion, and  that  endarteritis  and  obliteration  of  the  lumen  were 
frequent  occurrences  in  these  conditions. 

But  probably  the  term  obliterative  endarteritis  became  first 
generally  known  in  this  country  on  the  publication  of  Fried- 
lander's  *  paper.  He  pointed  out  that  it  occurs  in  simple  granu- 
lation tissue,  gummata,  tuberculosis  with  commencing  chronic 
inflammatory  or  ulcerative  processes ;  more  rarely  in  sarcomata. 
In  fibromata,  and  especially  in  elephantiasis,  it  is  very  distinct ; 
also  in  cancer,  where  the  connective  tissue  elements  are  strongly 
developed. 

In  the  present  paper  I  intend  to  describe  and  figure  some  of 
the  common  types,  including  especially  the  appearances  in 
gummata  and  Bright's  disease. 

If  one  may  be  allowed  to  generalise  at  the  outset,  I  should 

*  "Ueber  d.  akate  Entzundung  der  Arterien,"  Virehmtfs  Archiv,  voL  i. 
p.  272. 

'  Traits cP histologic  PcUhologique  (French  Trans.),  Second  German  edition,  1873, 
p.  222. 
'  Manuel  dC histologic  PathologiquCf  1869-73,  p.  555. 

*  CerUrlbt.  f.  d.  Med.  IFissenachft. ,  January  22,  1876. 
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say  that  the  changes  in  the  vessels  agree  very  closely  in  character 
with  the  changes  in  the  surrounding  tissues.  Where  the  inflamed 
parts  are  swollen  and  infiltrated,  swelling  and  infiltration  will  be 
found  in  the  vessels ;  and  where  the  inflammation  gives  way  to 
organisation,  however  low  in  type,  this  is  repeated  in  the  vascular 
walls. 

In  a  paper  on  the  "  Process  of  Healing,"  Dr.  D.  J.  Hamilton,^ 
now  of  Aberdeen,  has  insisted  upon  the  importance  of  simple 
swelling,  or  oedema*  in  the  formation  of  granulation  tissue. 
Often  the  main  histological  difference  between  an  inflamed 
structure  and  one  in  health  depends  upon  this  condition  of 
succulence  or  oedema.  By  it  the  cells  are  separated,  their  nuclei 
become  visible,  and  take  on  vivid  staining  with  colouring  agents. 

This  is  the  change  called  by  French  histologists  "  embryonic 
transformation."  In  granulation  tissue  we  may  consequently 
expect  that  any  vessels  embedded  in  it  would  present  such 
appearances  as  naturally  result  from  swelling  of  their  coats, 
with  or  without  any  alterations  in  structure  due  to  the  addi- 
tion of  new  elements.  The  simplest  condition  of  swelling 
of  the  coats  is  illustrated  in  fig.  1,  a  section  of  a  small  artery 
from  the  wall  of  an  acute  abscess.  The  section  is  not  made 
quite  at  right  angles  to  the  axis  of  the  vessel  The  muscularis 
is  much  swollen,  so  that  the  nuclei  of  its  muscular  fibres  are 
very  visible. 

Fig.  2  is  a  small  vessel  from  old  granvlaiion  tissue,  obtained 
from  the  orifice  of  a  sinus  in  a  case  of  strumous  disease  of  the 
hip.  The  lumen  is  nearly  obliterated  by  the  swollen  and  proli- 
ferating endothelium.  The  remainder  of  the  wall  is  distended 
with  cedema,  so  as  to  separate  the  individual  elements,  while 
there  are  numerous  lymphoid  cells  scattered  through  it,  or 
collected  in  groups  at  the  periphery.  The  vessel  depicted  is  a 
well-marked  example ;  but  similar  appearances  are  to  be  seen 
without  difficulty,  especially  if  rather  old  granulation  tissue  be 
selected. 

When  the  inflammatory  process  is  more  chronic  and  {issociated 
with  new  formation  of  tissue,  the  changes  in  the  Vessels  present 
corresponding  characters.  Fig.  3  is  a  section  of  a  pulmonary 
vessel  from  a  case  of  phthisis.      The  lumen  of  the  vessel  is 

*  Journal  of  Anatomy  and  Pkynology,  vol.  xiii. 
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almost  obliterated  by  a  growth  of  low  organisation,  containing  a 
few  spindle  and  ronnd  cell  elements.  The  musctUaris  is  appar- 
ently atrophied ;  the  position  of  the  remains  of  the  elastic  lamina 
is  marked  at  a. 

The  obliteration  of  vessels  in  tuberculosis  is  alluded  to  by 
Comil  and  Eanvier,  but  they  imagine  that  it  is  effected  by 
pressure  on  the  vessel  causing  slowing  of  the  blood-stream,  and 
ultimately  thrombosis,  the  thrombus  becoming  organised  later  on. 
If  this  were  so  in  the  present  case  the  thrombus  must  have  been 
parietal,  as  the  lumen  remains  free  ;^  but  it  is  now  known  that 
the  so-called  organisation  of  thrombus  is  in  reality  an  oblitera- 
tive  endarteritis,  in  which  the  thrombus  plays  merely  a  passive 
part.  It  is  certain  that  the  formation  of  a  thrombus  is  not 
essential,  and,  in  the  absence  of  blood  pigment  or  other  evidence 
of  disintegrated  clot,  it  seems  quite  superfluous  to  assume  that 
it  has  intervened  in  the  process. 

When  the  inflammatory  products  are  Jibroid  in  character  we 
have  such  appearances  as  are  seen  in  fig.  4  from  the  ovary  of 
an  adult.  The  intima  is  enormously  increased  in  thickness,  so 
as  to  diminish  the  lumen  very  greatly,  and  is  lined  by  a  layer  of 
endothelium ;  the  muscvlaris  seems  atrophied. 

These  appearances  have  been  described  by  Noeggerath*  and 
Patenko  f  by  the  former  they  were  regarded  as  playing  an 
important  part  in  the  genesis  of  ovarian  cysts ;  but,  as  Patenko 
has  shown,  they  are  always  to  be  found  in  the  neighbourhood  of 
the  small  fibroid  patches,  which  result  from  the  cicatrisation  of 
ruptured  follicles,  or  the  imperfect  development  of  others,  and 
are  simply  examples  of  endarteritis,  in  which  the  vessels  share 
in  the  fibroid  character  of  the  organisation  which  has  taken 
place. 

This  condition  appears  to  me  to  be  anatomically  identical  with 
that  described  by  Sir  William  Gull  and  Dr.  Sutton*  as  arterio- 
capillary  Jibrosis,  in  connection  with  Bright's  disease. 

As  is  well  known,  they  described  an  affection  of  the  smaller 

'  I  am  aware  that  the  lumen  is  said  to  be  sometimes  restored  when  thrombosis 
has  been  complete. 

*  American  Journal  of  OhsUtricSj  vol.  xiii.  p.  1. 
'  Virchow's  Archiv^  vol.  Izxziv.,  1881. 

*  Med.'Chir.  Trans.,  vol.  Iv.  p.  273 ;  Trans.  Path.  Sor.,  vol.  xxviii.  1877. 
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arteries  and  capillaries,  consisting  of  a  deposit  of  a  hyaline-fibroid 
material  in  the  outer  and  inner  coats,  causing  atrophy  of  the 
muscularis.  They  regard  this  vascular  lesion  as  a  primary  disease, 
leading  to  various  nutritive  derangements  in  the  tissues  around. 
Their  descriptions  were  taken  from  the  kidney  in  the  con- 
tracting form  of  Bright's  disease,  and  are  supported  by  the 
appearances  to  be  seen  in  that  condition  ;  but  I  have  never  been 
able  to  confirm  their  statement,  that  a  similar  change  may  be 
seen  in  the  vessels  of  the  pia  mater,  mesentery,  &c.  In  these  I 
have  been  able  to  see  only  thickening  of  the  muscularis,  with,  in 
some  cases,  some  thickening  of  the  adventitia,  but  never  any 
growth  from  the  intima.  Ewald^  and  Senator  ^  both  take  .the 
view  that  arterio-capillary  fibrosis  is  simply  secondary  endar- 
teritis. In  their  second  paper  Gull  and  Sutton  do  their  best  to 
support  their  original  proposition ;  but  the  vessels  figured  are 
so  small  that  it  is  impossible  to  discover  what  parts  of  the  wall 
ore  thickened  ;  while  in  many  instances  there  are  local  changes 
present,  which  would  fully  account  for  the  vascular  lesions, 
as  in  plate  xxix.,  which  represents  a  section  of  the  cord,  from  an 
old  case  of  syphilitic  paraplegia. 

They  have  never  attempted  to  describe  minutely  the  appear- 
ances of  a  vessel  affected  with  arterio-capillary  fibrosis.  This 
omission  I  have  endeavoured  to  supply  in  fig.  5,  a  drawing 
of  a  portion  of  a  vessel  from  a  typical  case  of  contracting 
kidney.  The  elastic  lamina  (a)  is  much  swollen,  and  its  layers 
are  separated  and  infiltrated.  To  the  inner  side  is  a  broad  band 
of  hyaline  tissue,  containing  a  number  of  spindle  cell  elements 
and  some  elastic  fibres.  On  the  outer  side  is  the  museidaris, 
certainly  not  hypertrophied,  but  cedematous;  its  individual 
muscular  fibres  are  separated,  and  their  nuclei  stain  distinctly. 
The  adventitia  is  blended  intimately  with  the  surrounding  tissue, 
so  that  its  limits  cannot  be  defined. 

If  all  the  vessels  of  the  contracting  kidney  were  like  this.  Gull 
and  Sutton's  description  would  in  the  main  be  true,  but  many 
differ  very  considerably,  and  conform  much  more  to  Johnson's 
notion  of  thickening  from  muscular  hjrpertrophy.  Fig.  6  is  a 
drawing  of  a  section  of  a  vessel  of  the  same  size,  and  from  the 
same  kidney  as  the  last    It  seems  to  be  chiefly  made  up  of 

>  Virchow'8  Archiv,  Bd.  Ixxi.  Hft.  4.  «  Ibid.,  Bd.  Ixxii.  Hft  1. 
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muscular  fibres.  It  is  impossible  to  withhold  the  admission  that 
we  have  to  do  here  with  a  numerical  hyperplasia  of  the  transverse 
muscular  fibres.  There  is  a  pretty  general  agreement  that  this 
actually  does  take  place,  Ewald^  has  definitely  admitted  it»  and 
although  Cornil  and  Ranvier  *  deny  it,  I  think  its  occurrence 
must  be  regarded  as  undoubted.  In  a  section  of  kidney  many 
more  vessels  or  sections  of  vessels  may  be  seen  conforming  to 
this  second  type,  and  it  seems  reasonable  to  believe  that  the 
hypertrophy  is  the  general  lesion  affecting  all  the  vessels  and 
due  to  systemic  causes,  while  endarteritis  is  the  necessary 
accompaniment  of  the  inflammatory  processes  going  on  in  the 
kidney/ and  which  affects  the  vessels  in  patches  or  particular 
parts  of  their  course  on  account  of  the  inflammatory  process  in 
the  neighbourhood  being  particularly  active. 

The  subject  of  syphilitic  disease  of  the  vessels  is  a  little  com- 
plicated. In  the  first  place,  there  are  the  descriptions  of  vessels 
which  were  probably  not  sjrphilitic  at  all,  but  simply  examples 
of  ordinary  obliterative  arteritis,  such  as  those  in  the  so-called 
syphilitic  placenta,^  and  in  a  case  of  syphilitic  insanity.^ 

Mr.  Lawson  Tait^  has  drawn  attention  to  the  resemblance 
of  the  vessels  in  syphilitic  placenta  to  those  met  with  in  the 
contracting  kidney,  and  he  points  out  that  there  are  no  appear- 
ances in  such  placentae  which  can  be  regarded  as  characteristic 
of  syphilitic  or  gummatous  infiltration.  In  conjunction  with 
Mr.  Howard  Lowe,  I  undertook  some  investigations  into  this 
question,  the  results  of  which  were  published  in  the  Ingldry 
Lectwres  for  1879,^  delivered  by  Dr.  Bassett,  and  I  quite  agree 
with  the  statement  just  quoted  from  Mr.  Lawson  Tait. 

The  case  of  syphilitic  insanity  was  published  before  the 
appearances  of  simple  endarteritis  were  generally  recognised, 
and  I  believe  the  author  himself  no  longer  maintains  the  specific 
nature  of  the  lesions  he  described. 

In  the  second  place,  we  have  the  alleged  occurrence  of 
primary    disease    of    the    cerebral    arteries,    the    histological 

*  Loc.  cit. 

3  Op.  cU.,  p.  1064. 

»  Xord.  Med.  Ark.,  I.  4,  H.  p.  73. 

*  Journal  of  Mental  Sden/'ey  Oct.  1874. 

*  Ohstet.  Soc.  Trans,  y  vol.  xvii. 

*  Birmingham  Med.  RevieWy  1879,  p.  378. 
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details  of  which  were  first  elaborated  by  Heubner.^  Ue 
maintaioB  that  the  affection  commences  in  the  intima,  and  is 
essentially  a  gummatous  growth  starting  from  thence.  On  the 
other  hand,  Friedlander,^  Baumgarten,'  and  others  hold  that  it  is 
a  non-specific  endarteritis,  the  sequel  to  gummatous  infiltration 
of  the  adventitia.  It  is  not  pretended  by  either  side  that  the 
endarterial  lesion  presents  any  characters  by  which  its  specific 
nature  can  be  positively  identified,  and  the  whole  dispute  turns 
on  the  seat  of  the  initial  lesion.  I  have  never  seen  a  case  of 
arterial  syphilis  in  which  there  was  not  marked  infiltration  of 
the  adventitia,  nor  do  I  know  of  any  case  in  which  this  has  not 
been  present  I  am  therefore  inclined  to  agree  with  Baumgarten 
and  Friedlander  in  regarding  it  as  an  endarteritis  dependent 
upon  the  gummatous  growth,  and  I  shall  not  attempt  to  give  it  a 
separate  description. 

In  the  third  place  there  are  the  changes  in  the  vessels  em- 
bedded in,  or  near  to,  gummata.  The  tendency  of  syphilis  to 
invade  the  sheaths  of  the  vessels  has  been  long  observed,  and 
vessels  in  the  neighbourhood  of  gummata  undoubtedly  present 
more  general  and  more  extensive  changes  than  are  to  be  met 
with  in  connection  with  any  other  neoplasm. 

Fig.  7  is  a  section  of  a  small  vessel  from  an  old  brain  gum- 
ma, the  greater  part  of  which  was  m  a  state  of  caseation  ;  this 
vessel  was  in  a  recent  and  active  looking  part  of  the  growth, 
which  stained  well  and  was  quite  translucent.  The  vessel  has 
in  part  broken  away  from  its  surroundings.  The  coats  are 
formed  of  concentrically  arranged  fibres  strewn  with  lymphoid 
cells.  The  endothelial  lining  has  disappeared.  To  the  left  at  a, 
is  another  much  smaller  vessel  with  thickened  walls.  The 
analogy  between  this  and  fig.  2  cannot  be  overlooked,  and 
whatever  theory  may  be  employed  to  explain  the  appearances 
in  one,  must  be  equally  applicable  to  the  other.  The  only 
difference  in  the  two  vessels  appears  to  be  that  the  lesion  in  fij^. 
7  is  of  somewhat  older  standing,  and  the  disappearance  of  the 
normal  elements  of  the  wall  is  greater. 

The  changes  in  a  vessel  of  larger  size  in  consequence  of  gum- 

1  Dir  hutische  Erkrankting  der  Hirnarterien,  I^eipzig,  1874. 

3  Op.  cU. 

'  Virchow's  ylrcAtr,  Bd.  Ixx.  H.  1. 
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matous  infiltration  are  seen  in  fig.  8,  which  is  a  drawing  of  a 
section  of  a  small  artery  of  the  pia  mater  from  a  case  of 
syphilitic  hemiplegia  in  a  young  subject.  The  bright  line  of  the 
elastic  lamina  at  a,  which  is  not  very  well  brought  out  in  the 
drawing,  serves  as  a  landmark.  On  the  inner  side  of  that  is  the 
broad  layer  filling  up  half  the  lumen,  and  composed  of  em- 
bryonic connective  tissue.  Outside  a  is  the  muscularis,  possibly 
atrophied,  certainly  infiltrated  and  surrounded  by  gummatous 
growth.  In  the  obliterating  growth  at  6  is  what  appears  to  be 
a  giant  cell. 

According  to  Heubner,  the  endarterial  growth  undergoes 
incomplete  organisation,  imitating  the  structure  of  the  normal 
arterial  coats,  and  being  to  some  extent  differentiated  into  an 
intima,  composed  of  embryonic  connective  tissue  an^  a  miiscu- 
laris  formed  of  large  spindle  cells  running  transversely,  the  two 
layers  being  divided  by  a  brightly  refracting  line  of  elastic  tissue 
representing  the  elastic  lamina.  The  newly  formed  imperfect 
elastic  layer  can  be  easily  seen  in  many  specimens  in  which  the 
growth  has  become  fairly  organised,  but  it  is  not  visible  in  the 
present  specimen,  and  the  whole  description,  though  apparently 
somewhat  fanciful,  is  fairly  borne  out  by  the  microscopical 
appearances.^ 


DESCRIPTION  OF  PLATE  VIL 

Fig.  1.  Hartnack,  Oc  3,  Obj.  4.  Tube  drawn  out.  Section  of 
swollen  arteriole  from  wall  of  absce8& 

Fig.  2.  Hartnack,  Oc  3,  Obj.  4.  Tube  drawn  out  Section  of 
small  vessel  from  granulation  tissue ;  a,  swollen  and  proliferating  endo- 
theUum ;  b,  swollen  transverse  muscular  fibres ;  c,  groups  of  lymphoid 
cells  in  adventitia. 

Fig.  3.  Hartnack,  Oc.  3,  Obj.  4.  Tube  drawn  out  Section  of 
vessel  from  phthisical  lung,  showing  obliterative  endarteritis;  a,  elastic 
lamina. 

Fig.  4.  Hartnack,  Oc.  3,  Obj.  4.  Tube  drawn  out  Section  of 
sclerosed  artery  from  ovary ;  a,  elastic  lamina. 

Fig.  6.  Hartnack,  Oa  3,  Obj.  8.  Tube  drawn  out  Part  of 
section  of  vessel  from  contracting  kidney,  showing  obliterative  endar> 

*  Dr.  Greenfield  hai  given  a  very  good  description  of  these  alterations  in  the 
twenty-eighth  volume  of  the  PcUhologieal  Society^s  Transactions. 
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teritis;  a,  elastic  lamina,  swollen  and  infiltrated;  h^  obliterating 
growth  sorroonding  lumen ;  c,  muscolans  (edematous. 

Fig.  6.  Hartnack,  Oc  3,  Obj.  8.  Tube  drawn  out.  Part  of 
section  of  Tessel  from  contracting  kidney,  showing  muscular  hyper- 
plasia. 

Fig.  7.  Hartnack,  Oc.  3,  Obj.  4.  Tube  drawn  out.  Vessel  from 
margin  of  cerebral  gumma ;  a,  a  smaller  vessel  with  thickened  wall 

Fig.  8.  Uartnack,  Oc.  3,  Obj.  4.  Tube  drawn  out  Vessel  from 
gummatous  infiltration  of  pia  mater  at  base  of  brain;  a,  elastic 
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THE  PRESENCE  OF  A  TYMPANUM  IN  THE  GENUS 
fiAIA  By  Geo.  Bond  Howes,  Demonstrator  of  Biology, 
Normal  School  of  Science,  S,  Kensington.     (Plate  VIII.) 

Having  recently  had  occasion  to  look  carefully  into  the  ana- 
tomy of  the  auditory  organ  of  the  common  Skate,  I  have  been 
struck  with  the  relations  of  the  structure  detailed  below,  and 
known  as  the  "  fenestra  vestibuli  cartilaginei."  Although  long 
ago  described,  its  real  significance  does  not  appear  to  have  been 
shewn.  Further,  it  is  usually  stated  that  the  auditory  organ  of 
plagiostomes  is  completely  enclosed  in  cartilage,  Chimaera  alone 
being  exceptional  among  Elasmobranchs. 

If  the  auditory  capsule  of  the  skate  be  laid  open  from  above, 
there  will  be  seen  in  its  posterio-internal  region  a  recess,  fig. 
2,  Ty,  the  area  of  which  is  roofed  in  by  a  membraneous  elastic 
fenestra,  the  cartilage  having  been  absorbed.  It  lies  posterior, 
and  slightly  internal  to  the  opening  of  the  aqueductus  vestibuli, 
figs.  1  and  2,  v.  aq.,  and  its  relatively  immense  size  in  the  genus 
Eaia,  at  once  strikes  one,  on  examining  the  macerated  skull. 
See  fig.  1. 

Monro,  in  his  classical  work  cited  below,i  first  accurately 
described  the  skate's  auditory  organ.  Making  no  mention  of 
this  structure,  he  explained  away  the  absence  of  "  the  membrane 
of  the  drum  and  cavity  of  the  tympanum  "  and  their  associated 
parts,  by  arguments  untenable  in  the  present  state  of  physical 
science.  Later,  Muller  described  ^  a  hollow  or  depression  (the 
"  parietal  grube"  of  Gegenbaur*)  in  the  middle  of  the  occipital 
region  of  the  skull,  which  is  "  covered  by  skin,  and  receives  four 
openings,"  obviously  referring  to  those  of  the  aqueductus  vesti- 
buli, and  the  structure  now  under  consideration.  Gegenbaur 
(p.  49)  describes  them  as  leading  into  the  labyrinth,  but  his  figure 
does  not  do  justice  to  the  skate,  as  regards  the  hinder  of  the 
two.     Scarpa*  first  described  this,  and  likened  it  to  the  fenestra 

1  On  ih£  Strtuttire  and  Physiology  of  Fishes,  Ac,  Edinburgh,  1785. 
«  Elem.  of  Physiology,  English  translation,  1837. 

*  Das  Kopfskelet  der  Selachier,  Leipzig,  1872. 

*  AncU.  disquisitio  de  auditu  el  olfa^Uu.  Ticini,  1789. 
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of  the  higher  forms.  Comparisou  of  his  figures  and  description 
seems  to  show  that  he  confused  it  with  the  saccus  endolym- 
phaticus,  with  which  it  has  nothing  to  do;  and  in  the  most 
recent  researches  upon  the  Elasmohranch's  auditory  organ,i 
Betzius  speaks  of  ovalis  as  comparable  to  the  fenestra  rotunda, 
figuring  it  in  his  elaborate  treatise  lately  published. 

If  the  skate  be  compared  with  certain  other  members  of  the 
group,  it  will  be  seen  that  the  conditions  met  with  respecting 
this  structure  are  correlated  with  the  flattening  which  that 
animal  has  undergone.  In  the  laterally  compressed  forms,  such 
as  Scyllium,  Cestracion,  and  Chimaera,  in  which  the  muscles  of 
the  back  are  prolonged  well  up  on  to  the  hinder  region  of  the 
skull,  it  is  either  absent  or  small  In  the  Monkfish  (Squatina) 
it  is  present,  though  relatively  smaller  than  in  the  skate,  and 
lies  at  the  base  of  the  parietal  fossa  above  mentioned;  as  in 
Scyllium  the  skin  stretches  across  this,  and  there  is  a  mass  of 
subcutaneous  tissue  interposed  between  the  two.  The  flatten^ 
ing  and  lateral  extension  and  their  accompanying  changes,  seen 
commencing  in  Squatina,  reach  their  maximum  in  £aia,  the  re- 
sult being  that  the  integument  fits  more  closely  into  the  recesses 
of  the  now  almost  obliterated  parietal  fossa ;  and  as  the  muscles 
are  relatively  less  developed  here,  there  is  established  a  closer 
proximity  between  the  skin  a.  and  the  underlying  fenestra,  which 
thereupon  becomes  enlarged,  forming  a  "  tympanum,"  c.  fig.  *1 
There  is  no  union  of  adjacent  parts  with  marked  thinning  of  the 
integument,  such  as  characterises  the  tympanic  membrane  of  the 
higher  forms,  but  the  skin,  elsewhere  firmly  adherent  to  the 
body,  has  at  this  point  interposed  between  it  and  the  membrane- 
ous tympanum,  a  homogenous  semi-fluid  layer,  fig.  36,  such  as 
favour  the  transmission  of  the  sound  wave,  b. 

It  is  obvious  that  any  tendency  to  fenestration  of  an  exposed 
surface  of  such  a  capsule  must  necessarily  render  the  auditory 
organ  so  much  the  more  efficient,  and  in  view  of  the  elaborate 
accessory  structures  related  to  the  Teleostan  apparatus,  the  above 
considerations  render  it  interesting  to  observe  that  there  exists 
in  the  generalised  Elasmobranch  this  indication  of  the  essential 

'  "Zur  Kentniss  v.  d.  Membrandsen  gehorlabyriiith  b.  d.  Kuorpelfischen." 
Arch.  /.  Anat.  and  Phyn.,  1878;  Das  Geh&rorgan  der  JVirbelth.,  vol.  i.,  Stock- 
holm, 1881. 
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process  involved  in  the  auditory  organ  of  the  higher  forms. 
The  resulting  structure,  in  a  sense  comparable  to  one  of  the 
fenestrae  of  the  amniote,  anticipates  physiologically  the  initial 
step  in  the  elaboration  of  the  auditory  organ  in  the  ascending 
series  of  vertebrata. 


EXPLANATION  OF  PLATE  VIIL 

Fig.  1.  The  posterior  half  of  the  macerated  skull,  seen  from  abo^e. 
Fig.  2.  The  auditory  capsule  of  the  right  side,  seen  from  within, 
the  inner  half  removed. 

Fig.  3.  The  same,  cut  to  the  level  of  the  tympanum. 
Fig.  1  reduced  one-half ;  Figs.  2  and  3  natural  size. 
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THE  LIGAMENTUM  TERES.    By  J.  B.  Suiton,  Demonstrator 
of  Anatomy,  Middlesex  Hospital.    (Plate  VIII.) 

The  round  ligament  of  the  coxo-femoral  articulation  has  long 
been  an  anatomical  puzzle,  consequently  many  diverse  notions 
exist  concerning  it.  Some  anatomists  ascribe  to  this  hollow 
band  of  fibrous  tissue  very  important  functions  in  the  mechanism 
of  the  hip-joint ;  others  deprive  it  of  all  glory,  simply  assigning 
to  it  the  menial  duty  of  conveying  blood-vessels  to  the  head  of 
the  femur. 

Certain  authors  content  themselves  with  a  brief  description  of 
its  attachments;  others  give  elaborate  and  detailed  accounts, 
extending  over  several  pages,  of  its  anatomy  and  supposed  func- 
tion. My  object  in  the  present  communication  is  to  show  that 
this  singular  ligament  is  nothing  more  than  the  tendon  of  the 
pectineus  muscle,  separated  from  it  in  consequence  of  skeletal 
modifications. 

Careful  attention  to  the  mode  of  development  of  the  ligamen- 
tous bonds  of  diarthrodial  articulations  has  led  me  to  formulate 
two  rules  with  regard  to  them — viz., 

1.  Many  ligaments  arise  as  thickenings  in  a  capsule,  due  to 
prolonged  tension  in  definite  directions,  the  capsular  ligament 
itself  being  merely  the  perichondrium  passing  from  one  cartilage 
to  another. 

In  this  manner  distinct  bands  of  tissue  form  on  the  sides,  and 
other  aspects  of  joints  which  afterwards  differentiate  into  distinct 
ligaments. 

2.  Many  ligaments  are  the  tendons  of  musdes  which  were 
originally  in  relation  with  the  joint ;  but  the  parent  muscle  has 
either  formed  new  attachments  or  become  obsolete,  whilst  its 
tendon  remains  as  a  passive  element  in  the  articulation. 

To  this  group  belongs  the  lig,  teres,  a  structure  fairly  constant 
throughout  Mammalia,  though  absent  in  the  elephant,  seal,  &c. 
(sometimes  wanting  in  man,  says  Meckel). 

It  is  almost  universal  among  birds ;  indeed,  among  these 
highly  specialised  and  beautiful  creatures  it  reaches  a  high 
standard  of  development. 
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The  attachments  and  relations  of  the  ligament  in  man  are  so 
well  known  that  description  is  needless  here,  merely  noting  that 
in  the  foetus  at  birth  it  is  very  strong  and  dense. 

Tn  the  horse  one  gets  the  first  glimpse  of  its  true  nature. 

In  this  animal  the  ligament  consists  of  two  bands— one 
hidden  within  the  joint,  termed  the  cotyloid  portion ;  the  other 
passes  out  of  the  cavity  to  join  the  linea  alba  at  its  junction  with 
the  pubes,  hence  termed  the  pubio  femoral  portion.  From  this 
band  the  pectineus  takes  part  of  its  origin. 

These  facts  led  me  to  investigate  the  ligament  in  the  ostrich, 
holding  as  it  does  a  corresponding  position  among  birds  as  the 
horse  does  among  mammals,  for  cursorial  powers. 

In  the  ostrich  (StnUhio  campus)  the  ligamentum  teres  has  a 
true  tendinous  structure.  It  is  dense  and  strong,  contains  a 
large  quantity  of  elastic  tissue,  and  has  its  individual  fasciculi 
arranged  regularly,  corresponding  to  the  arrangement  encountered 
in  the  rounded  tendons  of  limb  muscles.  In  my  specimen  the 
ligament  was  three-fifths  of  an  inch  in  thickness. 

On  making  a  section  horizontally  through  the  acetabulum,  so 
as  to  include  the  ambiens  muscle  at  its  origin,  and  the  ligament 
(see  fig.  1),  it  may  be  clearly  seen  that  they  are  continuous  with 
one  another  across  the  cotyloid  cavity  by  fibrous  tissue. 

The  ambiens  is  a  muscle  of  considerable  interest,  partly  on 
account  of  its  variability,  but  also  on  account  of  its  curious 
course  and  relations. 

It  is  fusiform,  and  arises  from  the  tip  of  the  short,  anteriorly 
directed  spine,  which  is  situated  above  the  anterior  border  of  the 
acetabulum,  and  runs  along  the  inner  border  of  the  thigh  to  the 
knee,  where  it  is  covered  by  the  sartorius.  Here  it  degenerates 
into  a  round  and  polished  tendon,  crossing  in  front  of  the  knee, 
running  in  the  substance  of  the  fascia  of  the  extensor  tendon, 
immediately  in  front  of  the  patella,  to  the  outer  side,  where  it 
joins  the  fibres  of  origin  of  the  flexor  perforatus  digitoriim, 

Eemembering  that  birds  and  mammals  had  a  common  origin, 
one  turned  for  farther  information  to  that  curious  lizard,  Spheno- 
don.  In  this  remarkable  creature  the  hip -joint  is  of  simple  cha- 
racter, and  the  muscle  corresponding  to  the  ambiens  of  birds  and 
the  pectineus  of  man  arises  by  two  heads — one  from  the  lateral 
spine  of  the  pubes ;  the  other  is  reflected  from  the  muscle  to  the 
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inside  of  the  capsule,  so  as  to  gain  an  attachment  to  the  head  of 
the  femur;  thus  holding  a  corresponding  relation  to  the  joint  as 
does  the  ligamentum  teres  of  man  and  birds  (see  fig.  2). 

The  varjdng  relations  of  muscle  and  ligament  may  be  arranged 
in  a  tabular  form,  thus  : — 

1.  Sphenodon. — Tendon  of  ambiens  (pectineus)  passes  inside 

the  capsule  to  the  head  of  femur. 

2.  StnUhio. — Lig.  teres  continuous  with  ambiens  (pect.) 

across  the  cotyloid  cavity  by  fibrous  tissue. 

3.  Eqwas. — Lig.  teres  in  two  psuiis — one  continuous  with 

pectineus  outside  the  joint. 

4.  Homo. — lig.  teres  a  fibrous  band,  carrying  blood-vessels 

to  the  head  of  femur. 

Besides  the  direct  evidence,  other  facts  may  be  mentioned 
respecting  the  ambiens  to  show  that  it  is  a .  muscle  of  great 
variability. 

In  comparing  it  with  pectineus,  it  would  seem  that  the  crural 
portion  alone  persists  in  mammala 

Its  crural  and  lower  parts  in  birds;  but  all  parts,  upper, 
crural,  and  lower — luxuriate  in  full  perfection  among  lizards 
and  crocodiles. 

For  more  detailed  accounts  of  this  peculiar  muscle,  the  reader 
must  refer  to  papers  by  Garrod,  published  in  the  Proc.  of  Zoolog. 
Society,  1873,  "  On  certain  Muscles  of  the  Thigh  in  Birds/'  and 
an  extremely  valuable  paper  by  Dr.  Hans  Gradow,  in  Journal  of 
Anatomy  and  Physiology  for  July  1882. 
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FIBRINOUS  COAGULA  IN  THE  LEFT  VENTRICLE. 
By  Alexander  M.  M'Aldowie,  M.D.,  Stoke-upon-Trent. 
(PlateIX.) 

From  time  to  time  cases  occur  in  practice,  in  which  patients, 
whose  strength  has  been  greatly  reduced  by  some  chronic 
disease,  die  suddenly  and  somewhat  unexpectedly,  the  death 
coming  as  a  severe  shock  to  the  friends.  In  a  certain  proportion 
of  these  cases,  firm  white  coagula  are  found  in  one  or  other  of 
the  cavities  of  the  heart.  In  cases,  too,  of  slow  death,  where  the 
patient  has  been  almost  moribund  for  many  hours  or  even  days, 
the  end  comes  suddenly  whilst  the  patient  is  being  raised  up  in 
bed,  or  on  making  some  slight  exertion.  In  many  of  these  cases 
fibrinous  clots  are  also  found.  These  have  long  been  known  to 
have  been  formed  anterior  to  death,  but  the  probability  of  their 
being  the  immediate  cause  of  death  has  only  been  fully  recog- 
nised since  Richardson  published  his  researches  on  the  different 
conditions  of  the  blood  in  the  heart  after  death. 

Cardiac  clots  are  divided  into  two  classes ;  the  static  or  dark 
clot,  formed  after  death,  and  the  dynamic  or  fibrinous  clot, 
deposited  while  the  blood  is  in  circulation.  The  latter  is 
subdivided  into  two  varieties,  viz. : — those  organically  adherent 
to  the  walls  of  the  heart,  and  those  whose  attachment  is  merely 
mechanical.  It  is  the  last  variety  of  clot  alone,  which  will  be 
referred  to  in  the  present  paper. 

The  prevailing  idea  is  that  this  form  of  deposition  occurs  much 
more  frequently  in  the  right  cavities  than  in  the  left,  but  in 
twenty  consecutive  cases  of  ante-mortem  concretion  which  I 
examined,  the  coagula  were  found  on  both  sides  of  the  heart  in 
fifteen  instances,  in  the  right  cavities  alone  in  two  cases,  and  in 
the  left  alone  in  three.  In  most  instances,  however,  the  clots 
were  much  smaller  in  the  left  than  in  the  right  chamber.  They 
may,  therefore,  frequently  be  overlooked  in  superficial  examin- 
ations of  the  heart.  There  is  this  further  difference  between 
the  sides.  In  the  right  the  favourite  site  of  deposition  is  the 
auricle,  the  clot  being  rarely  found  in  the  ventricle  alone,  while 
in  the  left  side  the  ventricle  is  the  most  frequent  seat.     When 
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deposition  takes  place  in  both  sides  of  the  heart  all  the  cavities 
usually  contain  coagula,  but  when  the  left  side  is  alone  afifected, 
then  the  auricle  may  be  filled  with  post-mortem  clot  or  with 
fluid  blood. 

In  nearly  all  the  cases  which  I  have  investigated  the  deposi- 
tion of  fibrin  has  begun  at  the  anterior  segment  of  the  mitral  valve. 
The  clot  grows  at  first  upwards  towards  the  aortic  orifice,  and  is 
adherent  by  its  base  only,  the  adhesion  being  mechanical  and 
produced  by  an  interlacing  of  the  fibrin  with  the  chordae 
tendine^  It  is  quite  thin  and  flat,  but  when  it  reaches  the 
aortic  orifice  it  becomes  very  much  constricted  by  the  approxi- 
mation of  the  sides  of  the  orifice  during  the  contraction  of  the 
ventricle.  These  clots  always  exhibit  this  constriction  to  a  very 
great  extent  no  matter  what  size  they  attain,  and  it  is  one  of 
the  chief  marks  of  distinction  between  them  and  those  which 
are  formed  in  the  right  ventricle.  These  latter  often  show  no 
constriction  opposite  the  opening  of  the  pulmonary  artery, 
occasionally  they  do,  but  never  so  markedly  as  in  left  ventricular 
concretions.  As  the  deposition  proceeds  the  cLt  extends  along 
the  interior  of  the  aorta,  where  its  form  becomes  modified  by  the 
altered  physical  conditions  to  which  it  is  subject.  The  aorta  is 
always  more  or  less  dilated,  therefore  this  portion  of  the  clot  is 
not  subjected  to  intermittent  compression  like  that  which  lies 
within  the  heart.  The  clot,  therefore,  usually  shows  a  very 
decided  bulging  just  above  the  mouth  of  the  aorta,  and  from  this 
gradually  tapers  away  till  it  terminates  in  a  fine  point.  It  is  at 
first  flat  and  ribboned-like,  but  as  deposition  proceeds  it  becomes 
rounded  in  form.  In  some  cases  the  aortic  portion  is  only  two 
or  three  inches  long,  in  others  it  extends  for  ten  or  twelve 
inches  along  the  interior  of  the  vessel,  sending  filaments  into  the 
branches  which  rise  from  the  arch.  The  clot  at  the  junction 
between  the  aortic  and  the  ventricular  portions  is  sometimes  only 
a  mere  filament,  so  that  it  appears  wonderful  that  the  large  mass 
in  the  aorta  had  not  been  washed  away  by  the  force  of  the 
circulation. 

In  addition  to  the  constriction  the  coagula  usually  show  three 
indentations  at  the  points  where  the  corpora  Arantii  of  the 
semilunar  valves  strike  in  their  recoil.  These  markings  are  not 
so  regular  as  we  would  expect  when  we  consider  the  purely 


Digitized  by 


Google 


196  DR.   ALEXANDER  M.    M*ALD0\V1E. 

mechanical  nature  of  their  production.  Often  there  are  but  two 
indentations,  occasionally  I  have  observed  only  one,  the  other 
side  being  smooth  and  flat.  In  most  of  the  cases  I  observed 
that  the  left  posterior  valve  caused  a  deeper  depression  than  the 
others.  These  valvular  impressions  are  also  usually  observed  in 
clots  which  form  in  the  right  ventricle,  but  their  appearance  is 
somewhat  diflferent  from  those  at  present  under  notice  (see  fig.  2, 
Plate  IX.). 

In  some  instances  the  portion  of  the  coagulum  within  the 
heart  is  small,  and  only  occupies  that  part  of  the  ventricle 
between  the  mitral  and  the  aortic  orifices.  In  fig.  2,  Plate  IX. 
for  instance,  the  aortic  clot  was  10  inches  long,  and  branched  into 
the  innominate,  left  carotid,  and  subclavian  arteries,  whilst  the 
ventricular  portion  was  a  thin  flat  triangular  coagulum  only  2 
inch  in  extent.  Usually,  however,  this  part  of  the  concretion 
enlarges  in  the  manner  which  I  shall  now  describe.  In  its  early 
stage  the  clot  floats  loosely  in  the  cavity,  moving  up  and  down 
with  the  changes  in  the  direction  of  the  blood  current,  the  fibrin 
being  deposited  on  its  surface  both  during  the  auricular  and  the 
ventricular  systole ;  but  afterwards,  when  it  is  prolonged  into 
the  aorta,  its  position  becomes  fixed,  and  deposition  takes  place 
only  during  the  systole  of  the  ventricle.  The  clot  then  begins 
to  grow  towards  the  apex  of  the  heart  by  sending  out  filaments, 
which  attach  themselves  to  the  columnse  carneae  along  the 
anterior  and  left  sides  of  the  cavity.  The  spaces  between  these 
filaments  are  gradually  filled  up  as  the  deposition  proceeds.  If 
the  auricle  also  should  contain  a  concretion,  it  is  prolonged 
through  the  auriculo-ventricular  orifice  and  attached  to  this 
portion  of  the  ventriculw  clot  Frequently  deposition  takes 
place  near  the  apex^  at  the  same  time  or  soon  after  it  occurs  at 
the  mitral  valve.  The  fibrin  is  deposited  in  the  form  of  fine 
filaments  adhered  to  the  columnse  carnese,  but  these  soon  become 
fused  with  the  larger  clot.  The  surface  of  the  concretion,  which 
is  directed  towards  the  interior  of  the  cavity,  is  smooth  and  more 
or  less  flattened ;  but  if  life  be  sufl&ciently  prolonged,  it  bulges 
into  the  chamber  and  becomes  channelled  or  otherwise  marked 
by  blood  currents.  One  or  two  concretions  presented  an 
appearance  as  if  two  clots  had  coalesced,  but  I  think  that  this 
was  only  surface  markings  produced  by  the  action  of  the  blood. 


Digitized  by 


Google 


FIBRINOUS  COAGULA   IN   THE  LEFT   VENTRICLE.  197 

The  clots  may  afterwards  be  moulded  by  the  circulation  into 
many  forms,  but  they  generally  retain  more  or  less  the  main 
features  which  I  have  described,  which  show  their  origin  and 
growth. 

Between  the  points  where  the  fibrinous  concretion  are  adherent 
to  the  ventricular  wall,  small  dark  blood  clots  are  frequently 
found.  Many  authorities  look  upon  these  as  being  the  cause  of 
the  deposition  of  fibrin.  They  allege  that  when  the  heart  is 
much  dilated  the  recesses  between  the  columnae  carneae  do  not 
entirely  close  in  the  systole,  but  remain  as  permanently  patulous 
cavities,  in  which  blood,  if  the  general  current  is  very  slow,  may 
be  entirely  motionless,  and  so  be  ready  to  coagulate.  Once 
formed,  the  surface  of  the  clot  receives  additions  of  fibrin,  layer 
by  layer,  as  any  other  unnatural  surface  in  the  blood  stream 
always  does.^ 

There  is  a  form  of  concretion  which  originates  in  this  manner, 
but  it  is  formed  at  a  later  period,  is  soft  and  friable,  and  is 
usually  found  in  the  right  cavities  of  the  heart.  In  the  variety 
which  I  have  described,  coagulation  of  the  blood  takes  place 
after  the  deposition  of  fibrin  between  the  digitations  which 
spread  along  the  walls  of  the  ventricle  during  the  growth  of  the 
clot.  Bichardson  states  that  in  fibrinous  concretion  the  first 
step  in  development  consists  in  the  laying  down  of  a  portion  cf 
fibrin,  in  such  a  manner  as  to  form  a  fixed  point  or  basis  for 
future  deposition. 

These  fibrinous  clots  are  mostly  found  in  cases  of  slow  death, 
and  the  prevailing  opinion  at  the  present  time  is  that  they  are 
caused  by  stagnation  of  the  blood  current.  In  many  cases  of 
slow  death,  however,  they  are  absent,  the  heart  containing  only 
fluid  blood,  or  dark  amorphous  blood-clot.  And  the  fact  appears 
to  have  been  overlooked  that  they  generally  take  their  origin  at 
the  point  where  the  circulation  is  most  active,  and  the  blood 
constantly  in  motion,  viz.,  the  s^ment  of  the  mitral  valve 
which  lies  between  the  mitral  and  aortic  orifices  of  the  ventricle. 
It  is  more  probable  that  the  deposition  is  entirely  due  to  some 
change  in  the  composition  of  the  blood  produced  by  the  low 
state  of  vitality,  and  in  a  great  measure  determined  by  the 
course  of  the  disease.  It  is  true  that  in  many  instances  fibrinous 
*  Wilks  and  Moxon. 


Digitized  by 


Google 


198  DR.    ALEXANDER   M.   M'ALDOWIE. 

clots  are  found,  in  which  deposition  has  taken  place  on  the 
surface  of  a  dark  blood  clot.  But  these  are  pathologically  and 
clinically  distinct  from  the  class  of  cases  under  notice.  And 
even  in  these,  weakness  of  the  circulation  does  not  appear  in- 
variably to  be  the  cause  of  the  primary  dark  clot.  Thus  in  a 
case  which  came  under  my  notice  some  months  ago,  the 
patient  had  been  able  to  lead  a  very  active  life  tUl  the  day 
before  his  death.  He  was  a  travelling  pedlar,  and  came  to  me 
complaining  only  of  praecordial  pain.  He  had  walked  nine  miles 
that  day.  The  pulse  was  110,  feeble ;  the  heart  sounds  normal, 
but  weak.  He  died  suddenly  next  morning,  when  the  left 
ventricle  was  found  to  be  almost  completely  filled  with  a  firm 
organised  concretion,  the  centre  of  which  contained  softened 
remains  of  a  large  dark  clot  The  man  had  been  in  good  health 
previously,  and  could  not  account  for  the  onset  of  his  malady. 

It  is  urged  in  support  of  the  stagnation  of  blood  theory  that 
the  clots  are  larger  and  more  frequently  found  in  the  right 
cavities  than  in  the  left,  the  reason  adduced  being  that  the 
circulation  is  feeblel*  on  the  right  side,  on  account  of  the  thinner 
walls  of  these  cavities.  In  a  case,  however,  of  congenital 
malformation  which  came  under  my  care  a  few  weeks  ago,  the 
ventricular  walls  were  equal,  while  the  right  auricular  wall  was 
very  much  thicker  than  the  left.  It  was  one  of  stenosis  of  the 
pulmonso'y  artery,  with  absence  of  the  upper  part  of  the  septum 
ventriculorum.  The  aorta  was  very  much  enlarged,  and  arose 
from  both  ventricles.  The  foramen  ovale  was  patent,  but  there 
was  no  open  ductus  arteriosis,  on  account  of  the  aorta  passing 
over  the  root  of  the  right  lung.  Death  took  place  very  slowly 
in  this  case,  and  on  examination  firm  fibrinous  coagula  were 
found  in  the  right  auricle  and  ventricle.  The  ventricular  clot 
was  prolonged  into  both  the  pulmonary  artery  and  the  aorta. 
The  left  cavities  contained  only  fluid  blood.  This  case  is  inte- 
resting, as  it  shows  that  weakness  of  the  heart's  action  alone  is 
not  the  cause  of  the  deposition,  or  it  would  have  occurred  in 
both  sides  alike,  and  also  that  in  this  malformation  admixture  of 
the  venous  and  arterial  blood  does  not  take  place  within  the 
heart  to  any  great  extent. 

The  symptoms  which  these  ventricular  clots  may  produce  will 
be  described  in  the  following  cases : — 
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Cojfe  L — Walter  G.,  aged  30,  had  suffered  from  cardiac  disease 
for  eighteen  months.  The  symptoms  complained  of  were  bad 
digestion,  dyspnoea  on  exertion,  and  swelling  of  the  ankles  at  night. 
The  heart's  action  was  moderate  in  strength,  the  area  of  dulnesa 
slightly  enlarged.  The  apex  beat  was  displaced  downwards,  the 
impulse  increased,  with  a  distinct  thrill  on  palpation.  A  loud  harsh 
systolic  bruit  was  heard  over  the  whole  of  the  praecordia,  loudest  at 
the  apex,  and  transmitted  towards  the  axilla. 

On  the  22nd  of  March,  the  patient's  friends  sent  for  me  suddenly, 
saying  that  he  was  dying.  On  my  arrival  I  found  him  just  recovering 
from  a  paroxysm  of  pain  in  the  cardiac  region,  which  had  seized  him 
as  he  rose  from  the  sofa  and  attempted  to  go  upstairs.  This  pain  was 
accompanied  with  a  feeling  of  impending  death,  which  did  not  wear 
off  until  some  time  after  the  pain  had  ceased.  There  was  great 
difficulty  of  breathing  during  the  paroxysm.  Tlie  friends  stated  that 
the  attack  lasted  for  about  ten  minutes,  and  then  gradually  ceased. 
At  the  time  of  my  visit  the  heart  was  beating  rapidly  and  some- 
what feebly.     The  character  of  the  sounds  were  not  altered. 

About  three  hours  afterwards  the  patient  had  a  similar  attack, 
which  proved  fatal  in  a  few  minutes. 

At  the  post-mortem  examination,  the  heart  was  found  moderately 
hypertrophied.  The  mitral  valve  showed  old  standing  lesion,  which 
had  occasioned  the  insufficiency  detected  during  life.  All  the  cavities 
were  moderately  filled  with  fluid  and  clotted  blood.  The  left  ventricle 
contained,  in  addition,  a  firm  fibrinous  coagulum,  adherent  to  the 
mitral  valve  and  to  the  anterior  and  left  sides  of  the  cavity.  It 
extended  for  several  inches  along  the  aorta,  and  presented  the  mark- 
ings which  I  have  described  as  being  characteristic  of  these  clots.' 
There  was  no  engorgement  of  the  lungs. 

Case  IL — Peter  S.,  aged  34,  a  pointsman,  was  admitted  into  the 
North  Staffordshire  Infirmary  on  11th  October  1877,  suffering  from 
laryngecd  phthisis.  The  disease  had  existed  six  months.  Patient 
pale  and  emaciated ;  almost  complete  aphonia ;  cough  very  slight ; 
expectoration  scanty.  Evening  temperature,  100°  ;  pulse  rather 
rapid.  Patient  able  to  walk  about  every  day.  The  physical  signs 
showed  disease  in  both  apices,  in  addition  to  the  laryngeal  affection. 

On  the  20th  of  October,  nine  days  after  admission,  patient  was 
suddenly  seized  with  pain  in  the  region  of  the  heart  and  a  feeling  of 
suffocation  while  raising  himself  in  bed.  He  grasped  the  sides  of  the 
bed,  and  leant  forward  with  an  expression  of  extreme  anxiety  and 
fear.  The  countenance  was  pale  and  covered  with  clammy  sweat. 
The  heart  sounds  were  weak  and  muffled ;  the  pulse  rapid,  feeble,  and 
irregular.  The  attack  lasted  for  nearly  a  quarter  of  an  hour,  when  it 
graduaUy  wore  off,  but  the  anxious  expression  remained.  An  hour 
and  a  half  afterwards  the  patient  experienced  a  similar  attack,  but 
not  quite  so  severe. 

On  the  21st  October,  patient  had  a  severe  attack,  which  lasted  about 
eight  minutes.* 

On  the  22nd  October,  while  sitting  up  in  bed  talking  to  the  nurse, 
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the  patient  suddenly  pressed  his  hand  over  the  region  of  the  heart  and 
expired. 

Between  these  attacks  the  pulse  almost  regained  its  previous 
strengtL  No  bruit  could  be  detected,  although  the  sounds  were 
rather  weak.  The  patient  never  lost  the  dread  of  death  after  the  first 
attack. 

After  death  the  heart  was  found  natural  in  size,  with  all  the  valves 
healthy.  All  the  cavities  contained  dark  soft  blood-clot  A  firm 
greyish-coloured  fibrinous  clpt  was  found  adhering  to  the  wall  of  the 
left  ventricle  along  nearly  the  whole  length  of  the  cavity,  and  to  the 
chordae  tendinese  of  the  mitral  valve.  It  was  prolonged  for  three 
inches  into  the  aorta.  Several  small  cavities  were  found  in  the  left 
lung.  The  right  lung  was  loaded  with  grey  miliary  tubercles.  The 
larynx  showed  extensive  tubercular  disease. 

Case  IIL — John  S.,  aged  42,  a  wire-worker,  was  admitted  into  the 
North  Staffordshire  Infirmary  on  the  7th  May  1879.  He  was  suffer- 
ing from  advanced  phthisis  of  several  years'  duration.  The  cardiac 
didness  was  increased  downwards  and  inwards.  A  loud  friction 
sound  was  heard  over  the  whole  area.  The  heart's  action  was  rapid, 
the  pulse  firm. 

May  13th. — Action  still  rapid,  friction  sound  gone,  systolic  bruit 
at  base. 

May  24th. — Patient  died  suddenly  while  raising  himself  in  bed. 

Post-mortem  appearances.  —  Heart  hypertrophied  ;  pericardial 
adhesion ;  valves  competent,  but  thickened  and  enlarged.  The  right 
cavities  were  filled  with  large  dark  clots.  The  left  auricle  contained 
fluid  blood.  A  fibrinous  clot  (fig.  3,  Plate  IX.)  was  found  in  the  left 
ventricle,  adherent  to  the  left  side  of  the  cavity  and  to  the  mitral 
valve.  It  extended  into  the  aorta,  but  this  portion  was  unfortunately 
cut  off  about  2  inches  from  its  origin  in  removing  the  heart  from  the 
body. 

The  chief  symptom  observed  in  cases  I.  and  II.  was  the  great 
anxiety  and  dread  of  death  exhibited  by  the  patients  during,  and 
for  some  time  after,  the  attacks.  They  kept  continually  repeating, 
"  Oh,  I  cannot  live ! "  The  pain  was  not  so  severe  as  that 
observed  during  the  paroxysms  of  angina  pectoris,  to  which  these 
attacks  bore  considerable  resemblance.  In  angina  there  are  two 
pathologically  distinct  elements — neuralgic  pain  and  disturbed 
muscular  action.  The  former  is  the  characteristic  symptom ;  the 
latter  may  be  entirely  absent.  In  these  cases,  on  the  contrary, 
disturbed  muscular  action  was  the  only,  or  at  any  rate  the 
predominant,  source  of  the  pain  and  distress.  I  am  doubtful 
whether  there  was  any  neuralgic  element  associated  with  the 
paroxysms.  The  pain  had  not  the  sharp  radiating  character  of 
neuralgia,  but  resembled  that  of  muscular  spasm.     Professor  F. 
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Ogsfcon  of  Aberdeen  informs  me  that,  in  his  opinion,  the  heart 
pang  observed  in  many  instances  just  before  death  is  due  to 
heart-clots. 

There  was  no  true  dyspnoea  observed  in  these  cases.  The 
breathlessness  appeared  to  be  voluntary,  the  patient  seizing  hold 
of  the  sides  of  the  bed,  and  leaning  forward  to  obtain  relief. 
And  there  was  no  stoppage  of  the  circulation,  for  the  clots  were 
not  large  enough  to  block  up  the  aorta.  Moreover,  the  surface 
of  the  body  was  pale,  and  not  livid,  as  would  have  been  the  case 
had  there  been  true  dyspnoea. 

Flint  says : — "  The  disturbance  of  the  heart's  action  explains 
certain  symptoms  which  frequently  enter  into  severe  paroxysms 
of  angina,  namely,  the  sense  of  impending  dissolution  and  the 
necessity  of  maintaining  immobility  of  position.  The  danger 
depends  on  the  disturbance  of  the  heart's  action."  There  can  be 
no  doubt  but  that  this  was  the  cause  of  death  in  the  cases 
recorded  above.  In  each  the  first  attack  began  immediately 
after  the  patient  assumed  the  erect  postura  The  heart,  beating 
quietly  as  long  as  the  patient  was  recumbent,  had  been  thrown 
into  more  vigorous  action  by  the  change  of  position,  and  the 
ventricle,  attempting  to  propel  the  blood  more  forcibly  through 
the  aorta,  had  been  arrested  in  its  contraction  by  the  presence 
of  the  concretion  in  its  interior.  The  clot  had  therefore  acted  as 
a  foreign  body,  and  induced  the  fatal  spasm. 

The  third  case  differed  from  the  preceding,  as  the  concretion 
gave  rise  to  no  disturbance  of  the  heart's  action  nor  other  symp- 
toms during  life,  although  it  was  undoubtedly  the  cause  of  the 
sudden  death.  It  was  the  only  case,  too,  where  physical  signs 
denoted  the  existence  of  the  coagulum.  The  large  aortic  clot 
produced  the  basic  systolic  bruit  heard  for  eleven  days  before 
deatL  This  murmur  might  have  been  detected  earlier  had  it 
not  been  for  the  loud  pericardial  friction  sound. 


[Explanation  of  Plate. 
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EXPLANATION  OF  PLATEfX. 

Fig.  1,  A-  Flat  fibrinous  concretion  in  left  ventricle,  attached  by 
base  to  the  anterior  flap  of  the  mitral  valve.  Fig.  2,  A.  Flat  concretion 
in  left  ventricle  attached  to  mitral  valve,  and  prolonged  for  10  inches 
into  aorta. 

Fig.  1,  B.  Concretion  attached  to  mitral  valve,  and  extending  to- 
wards apex.  (This  clot  was  firmly  adherent  to  the  aortic  valves.) 
Fig.  2,  B.  Concretion  attached  to  mitral  valve,  adherent  along  anterior 
and  left  side  of  ventricle,  and  joined  to  the  auricular  clot  (A  C). 

Fig.  1,  C.  Concretion  from  left  ventricle,  with  part  of  auricular 
clot  (A  C)  attached.  Fig.  2.  Right  ventricular  and  portion  of  right 
auricular  clots  from  same  case.  Fig.  3.  Left  ventricular  concretion  ; 
heart  much  enlarged.  Fig.  4  and  fig.  4'.  Left  ventricular  clot  from 
case  of  mitral  stenosis,  with  hypertrophy. 

Note, — All  these  figures  are  two-thirds  natural  size. 
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A  SIMPLE  METHOD  OF  DEMONSTRATING  THE 
NERVES  OF  THE  EPIGLOTTIS.  By  Wm.  Stirling, 
M.D.,  ScD.,  Professor  of  the  Institutes  of  Medicine,  Uni- 
versity of  Aberdeen. 

(From  the  Physiological  Laboratory  of  the  University  of  Aberdeen.) 

The  stratified  epithelium  covering  the  laryngeal  surface  of  the 
Epiglottis  is  remarkably  transparent,  so  that  one  can  see  deeper 
seated  structures  through  it  With  Mr.  George  DuflFus,  Student 
of  Medicine  of  this  University,  I  had  occasion  to  investigate  the 
distribution  of  the  branches  of  the  superior  laryngeal  nerve  upon 
the  laryngeal  surface  of  the  epiglottis.  All  that  is  required  to 
show  the  course  of  the  fibres  of  this  nerve  is  to  (jxpose  the 
laryngeal  surface  of  the  epiglottis  to  the  vapour  of  a  one  per 
cent  solution  of  osmic  acid  for  a  short  time.  Within  a  few 
minutes  a  beautiful  plexus  of  black  lines  stands  out  clearly  and 
distinctly.  Usually  there  is  a  moderately  strong  trunk  running 
up  pretty  near  the  margin  of  the  epiglottis,  and  from  this  many 
fine  branches  are  given  off,  which  unite  with  similar  branches 
from  the  corresponding  branch  en  the  opposite  side,  and  thus  a 
very  dense  plexus  of  medullated  nerve  fibres  is  formed  im- 
mediately under  the  epithelium. 

This  simple  and  easy  method  affords  a  satisfactory  mode  of 
demonstrating  the  singular  richness  of  the  nervous  supply  of  the 
epiglottis.  Of  course  this  method  reveals  only  the  medullated 
fibres,  but  these  are  very  numerous.  Their  actual  mode  of  ter- 
mination must  be  determined  by  other  methods.  The  demon- 
stration can  be  done  so  rapidly  that  it  is  one  well  suited  for 
class  purposes  The  only  precaution  to  be  observed  is  not  to 
expose  the  epiglottis  too  long  to  the  action  of  the  vapour  of  the 
osmic  acid.  The  nerves  to  the  epiglottis  reach  it  near  its  base, 
and  pass  to  its  laryngeal  surface;  some  of  the  branches  terminate 
in  connection  with  the  taste  bulbs  which  exist  on  that  surface, 
and  some  in  connection  with  the  glands  which  lie  immediately 
under  the  epithelium.  The  extreme  density  and  closeness  of  the 
plexus  explains  the  remarkable  sensibility  of  the  laryngeal 
surface  of  the  epiglottis.  The  arrangements  are  easily  made  out 
in  the  rabbit,  rat,  cat,  dog,  sheep,  or  ox,  and  the  epiglottis  of  a 
sheep  which  has  been  dead  for  a  day  or  two  does  quite  well  for 
the  purpose.  A  careful  examination  of  the  nerve  before  it  reaches 
the  epiglottis  reveals  the  presence  of  numerous  ganglionic  cells. 
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THE  TRACHEALIS  MUSCLE  OF  MAN  AND  ANIMALS. 
By  William  Stirling,  M.D.,  Sc.D.,  Professor  of  the  Institutes 
of  Medicine,  University  of  Aberdeen, 

(From  the  Physiological  Laboratory,  University  of  Aberdeen). 

The  trachealis  muscle,  which  completes  the  trachea  behind, 
varies  somewhat  in  its  arrangement  in  different  animals.  In 
mau,  the  continuous  layer  of  non-striped  muscle,  which  forms 
this  muscle,  is  described  in  Quain's  Anatomy  as  passing ''  not 
only  between  the  ends  of  the  cartilages,  but  also  opposite  the 
intervals ;  those  opposite  the  ends  are  attached  to  the  ends  of 
the  latter,  and  encroach  also  for  a  short  distance  on  their  inner 
.surface."  "Outside  the  transverse  fibres  are  a  few  fasciculi, 
having  a  longitudinal  direction."  A  careful  examination  of  a 
number  of  transverse  sections  of  the  trachea  shows  that  the 
attachment  of  the  muscle  encroaches  for  some  distance  upon 
the  inner  surface  of  the  rings,  where  it  is  firmly  attached  to 
the  perichondrium.  The  longitudinally  arranged  fibres  are  seen 
in  several  bundles  outside  the  transversely  disposed  fibres. 
In  a  section  which  has  been  stained  with  picrocarmine,  the 
different  arrangement  of  the  fibres  is  easily  made  out,  for  all  the 
connective  tissue  becomes  of  a  bright  red,  while  the  non-striped 
muscle  is  reddish  brown.  The  acini  of  many  of  the  mucous 
glands  lie  outside  the  trachealis  muscle,  so  that  their  ducts  have 
to  pierce  it  to  open  into  the  trachea. 

In  the  cat,  the  trachealis  muscle  consists  of  fibres  arranged 
transversely.  They  are  attached  to  the  external  surfaces  of  the 
cartilages  at  a  considerable  distance  from  their  free  posterior 
extremities,  so  that  they  can  thus  exert  considerable  action. 
They  also  exist  between  the  cartilages,  and  are  attached  to  the 
upper  and  lower  margins  of  adjoining  cartilages.  The  fibres  are 
very  firmly  adherent  to  the  perichondrium.  There  are  septa  of 
connective  tissue,  which  envelope  bundles  of  the  transversely 
directed  fibres,  so  that  on  making  a  vertical  section  of  a  trachea 
posteriorly  in  the  region  where  the  tracheaUs  muscle  is  attached 
to  the  cartilage,  the  muscle  is  seen  cut  transversely  in  small 
blocks,  each  surrounded  by  its  own  perimysium.     In  the  cat 
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wheD  the  trachea  is  separate  from  its  anatomical  connections,  a 
vertical  section  shows  that  the  thin  edges  of  the  cartilages 
overlap,  and  the  muscle  has  such  wide  attachments  that  the 
free  ends  of  the  rings  also  overlap,  and  the  mucous  membrane 
is  thrown  into  longitudinal  folds,  projecting  into  the  trachea. 
In  such  a  section  one  ahnost  invariably  meets  with  a  section  of  a 
small  microscopic  nerve  ganglion.  These  ganglia  are  extremely 
numerous  in  the  course  of  the  branches  of  the  recurrent 
laryngeal  nerve,  where  they  are  distributed  to  the  trachealis 
muscle.  Indeed,  there  is  a  very  distinct  plexus,  containing 
heaps  of  ganglionic  cells  at  the  nodes,  not  only  in  the  cat,  but 
in  many  other  animals.^  This  plexus,  in  all  probability,  is  com- 
parable to  the  nerve-plexuses  that  occur  in  the  walls  of  the 
intestine.  The  mucous  glands  of  the  trachea  of  the  cat  are  very 
numerous,  and,  as  is  usually  the  cetse,  they  are  more  numerous 
between  two  cartilages  than  immediately  between  the  body  of  the 
cartilage-hoop  and  the  mucous  membrane.  The  acini  of  these 
glands  contain  cells  which  are  usually  far  more  "  granular"  in 
their  characters  than  the  corresponding  glands  of  the  dog. 

In  the  dog,  the  trachealis  muscle  presents  much  the  same 
arrangement  as  in  the  cat,  its  attachment  being  also  to  the 
external  surface  of  the  cartilages,  and  also  extending  a  consider- 
able distance  forwards  on  the  cartilage.  The  muscle  does  not 
seem  relatively  to  be  so  thick  as  in  the  cat.  The  mucous  glands 
are  quite  different  in  their  characters  from  those  that  exist  in 
the  cat.  They  usually  have  clearer  epithelium,  more  like  true 
mucous  glands,  and  they  are  not  so  numerous  as  in  the  cat's 
trachea.  The  ends  of  the  cartilages  overlap  when  the  trachea 
is  removed  from  its  connections.  A  very  few  longitudinally 
disposed  fibres  exist  outside  the  transverse  ones.  Neither  in  the 
dog  or  cat  do  any  gland  acini  occur  outside  the  tracheal  muscle,, 
but  there  are  numerous  nerves  and  nerve  ganglia. 

In  the  rabbit,  the  muscle  is  also  attached  externally,  and  the 
same  arrangement  exists  in  the  rat,  and  in  both  cases  the  fibres 
are  directed  transversely ;  while  in  both  the  attachment  in- 
cludes about  one-fifth  or  thereby  of  the  total  circumference. 
The  cartilages  overlap  at  their  free  ends,  so  that  there  are  three 

*  William  Stirling,  Text-Book  of  Hidology,  p.  69  ;  Eandarazki,  Adnv.  /. 
Anat.  u.  Phyaiologie,  1881,  p.  i. 
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or  four  longitudinal  folds  of  mucous  membrane  projecting  into 
the  trachea  to  be  seen  in  a  transverse  section.  In  a  trachea 
of  a  rat,  slit  open  vertically  in  front  and  spread  out,  the  arrange- 
ment of  the  fibres  is  easily  seen.  The  fibres  form  a  complete 
layer,  and  are  attached  to  the  upper  and  lower  borders  of  the 
cartilages  as  well  as  to  their  posterior  surface.  The  ganglionic 
nerve  plexus  is  particularly  abundant  in  the  trachealis  muscle 
of  the  rat. 

In  the  'piQj  an  entirely  dififerent  arrangement  prevails.  The 
trachealis  muscle  is  attached  to  the  internal  surfaces  of  the 
cartilages  at  a  considerable  distance — about  one  sixth  of  the 
circumference — forwards  from  the  free  tips  of  the  cartilage. 
The  result  is  that  in  a  section  of  the  trachea  of  the  pig,  when  it 
is  severed  from  its  connections,  the  trachealis  muscle,  with  the 
mucous  membrane  covering  it,  runs  across  the  lumen  of  the 
trachea,  and  divides  into  an  anterior  larger  part  and  a  posterior 
smaller  one,  which  latter  is  bounded  laterally  chiefly  by  the 
projecting  free  ends  of  the  cartilages  which  meet  behind.  This 
is  an  exaggerated  condition  of  what  obtains  in  man.  In  the 
sheep  also  many  of  the  acini  of  the  mucous  glands  lie  outside 
the  trachealis  muscle,  so  that  it  is  perforated  by  their  ducts.  In 
E.  Verson's  article  on  the  larynx  and  trachea,^  the  transverse 
muscular  layer  of  the  trachea  is  represented  as  being  inserted  in 
the  case  of  the  sheep  into  the  "external  surfaces"  of  the 
cartilages.  This  is  certainly  a  misprint  for  internal.  In  the  ox 
also  the  muscle  is  attached  to  the  perichondrium  covering  the 
inner  surfaces  of  the  cartilages,  and  the  cartilages  with  their 
slightly  everted  tips^  meet  behind. 

*  Strieker* 8  Histology  (New  Sydenham  Soc.  Trans.),  voL  iii.  46. 

*  Todd* 8  Cyclopaedia^  article  **  Respiration." 
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THE  SULPHOCYANIDES  OF  AMMONIUM  AND  POTAS- 
SIUM AS  HISTOLOGICAL  REAGENTS.  By  William 
Stirling,  M.D.,  ScD.,  Professor  of  the  Inditides  of  Medicine, 
University  of  Aberdeen. 

(From  the  Physiological  Laboratory  of  the  University  of  Aberdeen.) 

Recently,  in  conjunction  with  Mr.  Arthur  Rannie,  M.B.  and  CM. 
of  this  University,  I  had  occasion  to  investigate  the  action  of  a 
large  number  of  substances  upon  the  colpured  blood  corpuscles 
of  the  frog  and  newt  Amongst  other  substances,  we  investi- 
gated the  eflects  of  a  10  per  cent,  solution  of  the  sulpho- 
cyanide  of  ammonium  and  the  corresponding  salt  of  potassium. 

Action  on  Blood  Corpuscles. — On  adding  a  drop  of  cither  of  the 
above  solutions  to  a  drop  of  blood  of  a  newt  or  frog,  but  prefer- 
ably the  former,  after  a  short  time  the  coloured  blood  corpuscles 
begin  to  undergo  a  remarkable  change.  They  give  off  from 
their  margins  fine  granules  of  haemoglobin,  which  can  be  seen 
detaching  themselves  and  dancing  about  in  the  surrounding  fluid. 
Often  a  thin  narrow  thread  is  seen  to  attach  a  granula  This 
thread  is  severed,  and  the  granule  is  free.  At  other  times  the 
whole  outline  of  the  corpuscle  changes  in  shape,  and  now  and 
again  larger  masses  of  the  peri-nuclear  part  of  the  corpuscle  are 
severed  from  the  parent  mass.  The  hsemoglobin  is  often  heaped 
at  two  masses  at  the  ends  of  the  corpuscle,  or  it  may  be  at  the 
sides.  So  far,  these  effects  closely  resemble  those  produced  by 
urea  and  some  other  substances,  such  as  dilute  sherry  wine 
(Wm.  Addison)  and  the  aqueous  extract  of  putrid  muscle 
(Dowdeswell).  After  a  time,  however,  the  haemoglobin  becomes 
quite  discoloured  or  removed,  and  coincident  with  this,  remark- 
able changes  occur  in  the  nucleus ;  it  swells  up,  becomes  more 
distinct,  and  there  is  revealed  in  its  interior  an  exquisitely 
arranged  intra-nuclear  plexus  of  fibrils.  Some  interfibrillar 
material  seems  to  be  acted  upon,  and  swells  up,  so  as  to  separate 
the  fibres  that  form  the  meshwork,  and  so  to  alter  their  refrac- 
tive Index,  that  their  arrangement  can  easily  be  made  out.  This 
plexus  can  be  stained  with  fuchsln  or  eoslne.  The  plexus  thus 
revealed  can  be  kept  for  a  long  time.     It  Is  very  resistant,  and 
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defies  putrefaction  for  a  long  time,  even  for  several  months; 
for  I  have  often  seen  it  in  a  mixture  of  blood  and  sulpho- 
cyanide  solution,  which  was  everywhere  permeated  with  fungi, 
but  still  the  plexus  stood  out  boldly  in  the  field,  unaffected  by 
the  decomposition  that  had  taken  place  in  the  surrounding 
mixture.  T  have  not  described  all  the  effects  of  the  sulpho- 
cyanides  on  blood,  which  I  have  done  elsewhere  along  with  Dr. 
Eannie,  but  I  desire  to  set  forth  the  value  of  the  sulpho- 
cyanides  as  histological  reagents,  admirably  adapted  for  reveal- 
ing the  presence  and  arrangement  of  the  intra-nuclear  plexus  of 
fibrils  in  coloured  and  colourless  blood  corpuscles. 

If  a  small  quantity  of  blood  be  mixed  in  a  glass  capsule  with 
the  sulphocyanide  solution,  the  whole  assumes  a  semi-gelatinous 
consistence,  and  the  physical  characters  of  it  closely  resemble 
moderately  thick  mucus.  Can  this  appearance  have  any  relation 
to  the  presence  of  a  mucin-like  substance  which  L.  Brunton  ^ 
found  to  exist  in  the  nuclei  of  the  coloured  blood  corpuscles  of 
birds  ?  Experiment  must  determine.  At  any  rate,  the  appear- 
ance is  very  characteristic. 

Action  on  HpUhelium. — I  find  that  a  10  per  cent,  solution  of 
sulphocyanide  of  ammonium  or  potassium  is  an  admirable 
"dissociating"  medium  for  isolating  epithelial  cells.  Small 
pieces  of  the  tissue  are  placed  in  the  solution  for  twenty-four 
or  forty-eight  hours.  They  may  be  stained  afterwards  with 
picrocarmine,  but  before  doing  so  it  is  necessary  to  remove  all 
traces  of  the  sulphocyanide  by  steeping  the  tissue  in  water  for 
a  short  time.  The  sulphocyanide  causes  a  precipitation  of  the 
picric  acid. 

I  have  tried  the  effect  of  this  reagent  upon  the  mucous  mem- 
brane of  the  stomach,  small  intestine,  bladder,  eye,  and  skin, 
and  on  membranes  covered  with  ciliated  epithelium,  of  the  newt 
and  frog,  and  in  all  these  cases  one  can  isolate  the  constituent 
cells  with  ease.  The  cells  all  show  very  distinctly  an  intra- 
nuclear plexus  of  fibrils.  What  seems  to  happen  is  this,  that 
the  inter-fibrillar  ground  substance  of  the  nucleus  swells  up 
slightly,  and  so  opens  out  the  network  of  fibrils. 

In  the  liver  of  the  newt  and  frog  an  intra-nuclear  plexus  of 
fibrils  is  also  revealed  by  similar  treatment.    The  liver  of  the 

'  Joum.  of  Anai.  and  Phy$.,  iii.  91. 
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newt,  however,  is  to  be  preferred.  In  the  liver  cells  of  the 
newt,  which,  like  the  celb  of  other  animals,  are  often  fatty,  one 
may  frequently  observe  a  distinct  envelope  surrounding  each 
cell,  more  especially  after  the  prolonged  action  of  the  reagent. 
Of  course,  it  might  be  said  that  this  envelope  was  due  to  the 
action  of  the  reagent,  but  we  have  the  distinct  proof  afforded  by 
Dr.  Haycraft,  that  the  liver  cells  have  a  wall  which  can  be 
ruptured  by  preasure.  In  the  case  of  the  liver  cells  of  the  newt, 
one  can  also  readily  observe  the  nuclear  membrane,  and  after 
the  action  of  picrocarmine,  the  nuclear  membrane  and  the 
plexus  become  stained  red.  Not  unfrequently  the  liver  cells  of 
the  newt,  and  also  of  the  rat  (where  the  cells,  however,  are  much 
smaller)  contain  two  nuclei,  as  has  been  observed  by  Asp  ^  in 
the  liver  cells  of  the  rabbit. 

Adion  on  nonr^riped  musde. — I  employed  the  bladder  of  the 
frog  and  the  mesentery  of  the  newt,  as  recommended  by  Klein. 
In  both  cases  one  obtains  a  good  view  of  the  intra-nudear  fiexus 
in  the  fusiform  non-striped  muscle  celb,  and  the  effect  is  im- 
proved by  staining  with  picrocarmine,  when  the  peri-nuclear 
part  becomes  yellow,  and  the  nucleus  with  its  fibrils  bright  red. 

Action  on  striped  rrmsde  and  nerve.— Here  also  the  intra- 
nuclear plexus  in  the  nuclei  of  the  muscles  (mqie  especially  of 
the  newt)  and  those  of  nerve  fibres,  are  brought  out  Not  un- 
frequently in  the  muscles  of  the  newt,  which  are  admirably 
adapted  for  showing  the  plexus,  one  observes  several  nuclei 
arranged  in  line,  in  a  chain  as  it  were,  in  the  long  axis  of  the 
fibre.  These  nuclei  are  produced  by  the  transverse  cleavage  of 
an  original  nucleus.  The  plexus  is  found  to  exhibit  a  different 
arrangement  in  different  nuclei,  ie.,  the  nuclei  are  in  different 
phases  of  development  corresponding  to  the  different  stages 
described  by  Flemming  and  othera  The  arrangement  of  the 
fibrils  can  be  made  out  quite  distinctly  without  the  use  of 
staining  reagents,  as  its  refractive  index  is  quite  different  from 
that  of  the  surrounding  sarcous  substance. 

Action  on  cartilage. — If  the  thin  cartilage  of  the  sternum  of 
the  frog  or  newt  be  used,  it  is  easy  to  note  a  similar  structure 
in  the  nuclei  of  the  cartilage  cells. 

Action  on  the  crystalline  lens. — ^The  effect  on  the  fibres  of  the 

*  Ludwig's  ArbeUen,  viiL  (1878),  p.  124. 
VOL.  XVII.  O 
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lens  is  quite  different  from  that  or  any  other  tissue.  The  lens  fibres, 
after  being  acted  on  for  twenty-four  or  forty-eight  hours,  assume 
a  beaded  or  moniUform  appearance.  Here  and  there  are  little 
bulgings  on  the  side  of  the  fibre,  at  tolerably  regular  intervals  in 
some  fibres,  while  upon  others  oval  or  rounded  globules  adhere 
in  great  numbers.  All  the  fibres  are  not  aflfected.  In  the 
fibrils  we  find  rounded  or  oval  globules,  not  unlike  myeline 
drops,  only  they  do  not  possess  a  double  contour.  As  we  know 
from  the  researches  of  Thin  and  Ewart,^  that  the  lens  fibres  of 
the  toad,  frog,  and  some  other  animals  are  partially  enveloped 
with  a  layer  of  sqnames,  at  first  sight  it  might  appear  that  the 
bulgings  on  the  side  of  the  fibres  was  due  to  a  swelling  up  of 
these  squamos,  under  the  influence  of  the  reagent.  On  looking 
carefully  at  them,  however,  they  do  not  contain  a  nucleus,  and 
on  some  fibres  they  are  very  numerous  and  very  irregular  in  size. 
Besides,  in  certain  cases  they  become  detached.  They  seem  to 
be  due  to  the  action  of  the  reagent  upon  some  chemical  con- 
stituent of  the  lens  fibres.  In  some  casep,  however,  the  oval 
swelling  on  the  side  of  a  fibre  seems  to  be  distinct  from  the  lens 
fibre,  as  when  the  fibre  is  seen  on  edge,  it  may  be  traced  on  one 
side  of  the  oval  mass,  which  is  sometimes  granular,  but  I  have 
never  seen  a  oncleus  within  it.  Some  of  the  swellings,  there- 
fore, may  perhaps  be  due  to  the  swelling  up  of  the  cells  on  the 
lens  fibres. 

Action  on  the  retina, — After  the  retina  of  the  frog  has  berin 
subjected  to  the  action  of  the  sulphocyanide  for  twenty-four 
hours,  the  outer  segments  of  the  rods  reveal  transverse  striation 
most  distinctly,  and  the  same  transverse  striation  is  admirably 
seen  in  the  outer  segments  of  the  very  large  cones  of  fishes,  such 
as  the  cod  or  haddock.  Indeed,  in  these  animals  this  transverse 
segmentation  is  easily  obtained  by  a  variety  of  reagents. 

'  Jowm.  of  Anat,  and  Phys. ,  x.  223. 
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A  NEW  THEORY  AS  TO  THE  FUNCTIONS  OF  THE 
SEMICIRCULAR  CANALS.  By  P.  M'Bride,  M.D., 
F.RC.P.  Edin. 

As  is  well  known  the  view  now  generally  accepted  as  to  the 
functions  of  the  posterior  division  of  the  labyrinth,  is  that  which 
has  been  so  ably  advanced  by  Mach,  Breuer,*  Crum-Brown,* 
Cyon,^  and  others.  Briefly  stated  it  amounts  to  this,  that  the 
semicircular  canals  are  peripheral  organs  of  a  sense  which 
enables  us  to  estimate  our  position  in  space.  That  this  is  one 
of  their  functions  is  more  than  probable,  but  in  the  following 
pages  it  is  proposed  to  show  that  to  ascribe  to  them  this  physio- 
logical position  alone  is  insufficient  and  inconsistent  It  will,  I 
suppose,  be  admitted  that  nothing  in  life  is  superfluous,  that 
every  physiological  arrangement  is  the  best  possible  for  the  well- 
being  of  the  organism,  and  finally  that  in  the  animal  economy 
there  is  a  reason  for  every  anatomical  detail. 

Starting  from  these  premises  then,  I  again  say  that  the  explan- 
ation hitherto  advanced  as  to  the  functions  of  the  semicircular 
canals,  though  probably  correct  so  far  as  it  goes,  is  quite  inade- 
quate to  account  for  all  the  facts  connected  with  their  physiology. 
Let  us  glance  for  a  moment  at  the  anatomy  of  the  internal  ear. 

The  vestibule  contains  two  sacs,  an  anterior  and  a  posterior. 
These  membranous  bags  are  only  connected  indirectly  through 
the  two  branches  of  the  aqueductus  vestibuli.  The  anterior  or 
saccnlns  hemisphericus  is,  through  the  small  canalis  reuniens, 
eontinuous  with  the  central  duct  of  the  cochlea,  while  the 
posterior  or  utricle  is  continuous  with  the  three  membranous 
semicircular  canals.  Both  are  surrounded,  so  far  as  they  are 
unattached  to  their  bony  case,  by  peri-lymph  and  filled  with 
endo-lymph.  The  stapes  moves  in  the  fenestra  ovalis,  which  in 
the  recent  state  it  closes.  This  foramen  opens  into  the  posterior 
part  of  the  vestibule,  and  therefore  opposite  the  utricle. 

Now,  I  ask,  why  this  arrangement,  if  it  be  not  essential  for 

^  Medizinische  Jahrhikher,  1874. 

*  Joum.  of  AncU.  and  Pkys. ,  viiL  327. 

'  TlUse  pour  le  dodorai  en  Mideeine. 
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the  proper  fulfilment  of  function,  that  vibrations  of  the  stapes 
should  affect  the  utricle  and  canals  equally  with  the  cochlea  ? 

Through  their  position,  the  utricle  and  canals  are  liable  to  be 
influenced  by  various  diseased  conditions  of  the  ear.  Pressure 
on  the  tympanic  membrane,  exudation  within  the  middle  ear, 
and  loud  sounds  are  all  apt  to  be  followed  by  giddiness ;  and 
this  vertigo  can  only  be  explained  on  the  hypothesis  of  the 
abnormal  stimulation  affecting  that  portion  of  the  auditory  nerve 
which  supplies  the  ampullje. 

If  the  canals  were  concerned  in  equilibration  alone,  then, 
surely  on  general  principles  it  is  fair  to  assume  that  they 
would  be  placed  in  a  position  as  safe  as  consistent  with  the 
proper  fulfilment  of  their  function.  Now  the  function  of  equili- 
bration could,  it  seems  to  me,  be  carried  on  just  as  well  if  they 
were  altogether  shut  off  from  the  auditory  apparatus.  "We  must, 
therefore,  assume  that  they  have  another  part  to  play  in  the 
animal  economy. 

It  seems  probable  that  this  other  function  is  to  produce, 
through  the  ampullar  nerves,  reflex  rotation  of  the  head  and 
eyes  towards  the  point  from  which  a  sound  proceeds,  and  that, 
further,  the  afferent  impulse  may,  in  the  lower  animals,  co-ordi- 
nate and  brace  the  muscles  necessary  for  escaping  from  a  danger 
of  which  sound  is  the  first  indication. 

Although  this  view  has  never,  so  far  as  I  know,  been  advanced 
by  others,  yet  it  derives  support  from  the  following  passage  in 
a  paper  by  Hogyes,  on  the  "  Causes  of  Vertigo  from  increased 
Intrartympanic  Pressure"  {PfAlgers  Archiv.  xxvi).  "These 
experiments  of  rotation  and  stimulation,  he  says,  also  prove  that 
similar  bilateral  reflex  connections  exist  between  this  peripheral 
end  organ  (semicircular  canals)  and  other  muscles  of  the  body 
through  certain  centres  of  the  cerebrum  and  medulla.  This 
applies  more  particularly  to  the  nluscles  of  the  head  and  neck, 
as  also  to  those  of  the  trunk  and  extremities." 

It  is  a  familiar  fact  that  wild  animals  go  through  certain 
muscular  movements  on  hearing  any  unusual  sounds.  Thus  a 
whistle  or  shout  will  often  bring  a  deer  to  a  stand  still,  with  ears 
pointed,  head  turned  towards  the  source  of  sound,  and  eyes 
looking  in  the  same  direction.  It  is  associated  movements  like 
these,  which  I  believe  to  be  reflex,  and  consider  to  be  due  to  an 
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afferent  impulse  communicated  to  the  nerve-endings  in  the  semi- 
circular canals. 

Such  movements  are  necessary  for  the  safety  of  wild  animals, 
for  thus  the  ear  is  placed  in  a  better  position  than  before  for 
appreciating  a  repetition  of  the  alarm,  the  eyes  are  turned 
towards  the  source  of  danger,  and  the  muscles  of  the  trunk  and 
extremities  are  braced  and  ready  to  aid  in  escaping.  It  is  quite 
obvious  how  essential  it  is  that  such  combined  movements 
should  be  reflex.  Were  it  not  so,  much  valuable  time  would  bo 
lost  before  the  impression  could  be  analysed  and  converted  into 
"  out-going  currents  "  to  all  the  muscles  required. 

It  is  now  desirable  to  enter  somewhat  more  fully  into  argu- 
ments which  support  our  theory. 

L  First  in  order  comes  the  fact  that  the  semicircular  canals  are 
so  placed  that  every  sonorous  vibration  capable  of  being  perceived 
as  sound,  must  necessarily  cause  movement  of  the  endo-lymph 
which  they  contain,  and  of  the  peri-lymph  which  surrounds  them. 

Let  us  just  glance  for  a  moment  at  the  part  played  by  the  in- 
ternal ear  in  the  act  of  hearing.  The  stapes  is  pressed  inwards 
and  impinges  upon  the  peri-lymph,  the  latter  again  reacting  upon 
the  endo-lymph.  Now,  according  to  Hensen  {Handbuch  der 
Phys,y  Hermann.),  "the  labyrinthine  fluid  moves  only  as  an 
absolutely  incompressible  mass,  and  is  therefore  incapable  of 
vibrations ;  it  is  accordingly  pushed  onwards  by  the  stapes  as 
soou  as  a  point  of  escape  is  presented.*'  Hensen  goes  on  to  say 
that  one  such  means  of  escape  is  to  be  found  in  the  openings  of 
the  aqueductus  vestibuli,  and  that  in  all  probability,  in  this  way, 
vortex  movements  are  produced  in  the  semicircular  canals. 

Now,  it  is  well  known  that  those  observers  who  look  upon  the 
latter  as  organs  of  the  "  static  sense  "  only,  base  their  arguments 
upon  the  fact  that  movement  of  the  endo-lymph  produces  affer- 
ent impulses  through  the  nerves  of  the  ampullse.  We  have 
seen,  however,  that  movement  of  the  endo-lymph  must  occur 
at  every  act  of  hearing,  and  therefore,  in  like  manner,  afferent 
impulses  will  result. 

That  changes  in  the  fluid  contents  of  the  internal  ear  are 
Ukely  to  stimulate  the  ampullar  as  well  as  the  cochlear  termina- 
tions of  the  auditory  nerve,  is  rendered  extremely  probable  by  the 
similarity  of  nerve-endings  in  the  two  parts.     In  both  the  latter 
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are  in  the  shape  of  slender  hairs  proceeding  from  modified  cells, 
seeming  certainly  to  indicate  that  their  function  is  to  react  to 
similar  stimuli.  Those  in  the  cochlea  react  to  sound  only»  those 
in  the  canals  react  to  sound  but  have  also  probably  a  secondary 
function  connected  with  equib'bration. 

That  loud  noises  affect  the  post^ior  as  well  as  the  anterior 
part  of  the  labjrrinth  is  rendered  all  but  certain  by  the  common 
occurrence  of  such  cases  as  the  one  described  by  Brunner 
{ZeUschrift  fur  OhrenheUkuTide,  ix.  142),  the  patient  getting  giddy 
immediately  after  a  rifle  had  been  fired  close  to  her  ear. 

IT.  My  second  argument  is  based  upon  the  unnecessarily  exposed 
position  of  the  semicircular  canals,  were  their  function  puijely 
that  of  equilibration.  To  this  point  1  have  already  shortly 
alluded,  and  have  pointed  out  that  this  function  could  be  just 
as  well  performed  if  a  complete  separation  from  the  auditory  ap- 
paratus existed.  In  all  vertebrates,  however,  the  utricle  and 
saccule,  where  they  exist,  stand  in  much  the  same  relation  to 
one  another  as  is  the  case  in  man  and  the  higher  animals — and 
even  among  the  fishes  a  rudimentary  cochlea  exists. 

There  seems,  then,  to  be  a  necessity  for  an  intimate  connec- 
tion between  these  so-called  organs  of  equilibration  and  the 
oigan  of  hearing.  As  it  is  the  pressure  of  a  foreign  body  on  the 
drum-membrane,  obstruction  of  the  Eustachian  tube,  inflamma- 
tion  of  the  middle  ear,  and  even  loud  sounds  are  peculiarly  apt 
to  cause  giddiness,  which  undoubtedly  arise  thit>ugh  changes 
in  the  endo-lymph.  If  the  semicircular  canals  are  situated  in  a 
position  so  exposed  for  no  reason  whatever,  they  present  a  strik- 
ing contrast  to  all  other  physiological  arrangements.  On  the 
other  hand,  if  they  be  so  placed — as  I  believe — for  some  useful 
purpose,  it  remains  to  be  considered  what  that  purpose  is. 

To  my  mind,  the  most  probable  explanation  is,  that  while 
sonorous  vibrations  are  conveyed  by  the  cochlear  nerve  to  the 
true  auditory  centre,  an  afferent  impulse  is  at  the  same  time  sent 
to  various  motor  centres  through  the  ampullar  nerves.  How 
such  an  arrangement  would  assist  wild  animals  in  self  preserva- 
tion I  have  already  suggested.  It  may  be  urged  that  the  move- 
ments exhibited  by  deer  and  other  animals  after  a  shout  or 
whistle  are  not  reflex  in  the  true  sense  of  the  word,  but  rather  the 
result  of  an  auditory  impression.     This  view  is  also  negatived  by 
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the  phenomeaa  observed  in  a  pigeon  where  the  cerebnun  has  been 
removed  In  such  a  case  a  pistol  shot  fired  behind  the  animal 
wiU  cause  rotation  of  the  head.  That  muscular  movement  often 
occum  synchronously  with,  or  indeed  rather  before,  the  apprecia* 
UoQ  of  the  sound,  must  be  well  known  to  those  who  have  ever 
experienced  the  starting  so  often  produced  by  a  loud  noise. 
Thitfanuliar  phenomenon — ^purelyreflezasit  is— certainly  favours 
our  theory,  that  while  sonorous  expressions  aro  conveyed  along 
the  cochlear  nerve  to  be  perceived  as  sound,  they  are  at  the 
same  time  carried  along  the  nerves  of  the  canals  and  motor 
centre  to  be  converted  into  muscular  movements,  and,  so  far  as 
I  have  been  able  to  observe,  these  latter  occur  only  or  principally 
on  the  side  nearest  the  sound. 

III.  In  the  third  place,  the  results  obtained  by  experiment 
directly  support  the  view  that  has  been  taken  in  this  paper.  In 
au  elaborate  article,  Spamer^  has  proved  from  the  results  of  ex- 
periments on  pigeons  that  various  stimuli — ^mechanical,  chemical, 
and  Ihennal — applied  to  the  semicircular  canals  produce  rotation 
towards  the  side  stimulated.  The  only  exception  was  in  the  case 
of  eledaric  stimulation,  and  the  anomalous  result  in  this  case  was 
probably  due  to  deficient  limitation  of  the  curront 

This  author  (Spamer)  comes  to  the  conclusion  that  movements 
towards  the  side  operated  on  are  the  result  of  stimulation  and 
not  paralysis  of  tlie  ampullar  nerva  On  this  point  he  says : 
"  The  following  experiment  furnishes  us  with  complete  proof  of 
the  fact  tliat  the  phenomena  under  consideration  are  the  result 
of  stimulation.  Let  one  or  both  of  the  superficial  canals  on  one 
side  be  cut  through  or  removed,  then  touch  the  same  canal  or 
canals  of  the  opposite  side  to  the  same  extent  with  a  red-hot 
metal  sharply,  or  until  they  are  actually  burnt.  As  a  result  the 
tendencgr  before  existing  to  turn  towards  the  side  first  operated 
on  will  have  disappeared,  and  there  exists  a  t^dency  to  turn 
to  the  other  side.  At  other  times,  the  latter  immediately  follows 
tliC  former,  which  only  lasts  for  a  few  seconds." 

This,  then,  in  itself  shows  that  stimulation  of  the  canals  will 
induce  rotation  towards  the  side  stimulated.  We  have  also 
proved  that  stimulation  of  the  ampulla  is  in  all  probability  pro^ 
duoed  by  sound  waves.    Therefore,  it  seems  fair  to  conclude  that 

*  Pfliigcr'9  Arduv.  xxL 
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there  will  be  a  tendency  to  rotate  towards  the  origin  of  a  sonnd, 
whioh  must  of  course  affect  principally  the  auditory  nerve  on 
the  side  which  is  nearer  the  vibrating  body.  Again,  patients 
who  suffer  from  auditory  vertigo  have,  so  far  as  I  have  been  able 
to  observe,  a  tendency  to  stagger  towards  the  side  corresponding 
to  the  ear  which  causes  the  disturbance — in  other  words,  towards 
that  side  on  which  the  ampullae  are  stimulated.  I  am  aware 
that  cases  have  been  recorded  in  which  this  state  of  matters  was 
reversed,  so  that  to  others  this  argument  may  not  seem  reliable. 
I  can  only  say  that,  having  paid  particular  attentipn  to  auditory 
vertigo,  I  have  never  seen  a  case  in  which  there  was  an  inclina- 
tion to  move  towards  the  unaffected  side.  But,  granting  this 
sometimes  to  be  the  case,  the  explanation  is  easy.  A  subjective 
sensation  of  falling  to  one  side  will  naturally  call  into  action  the 
muscular  mechanism  necessary  to  prevent  it,  which  may  some- 
times produce  movement  or  even  falling  to  the  opposite  side. 

We  know  from  the  numerous  investigations  of  Cyon  {The»^ 
op.  cU.),  that  section  of  each  semicircular  canal  produces  a 
distinct  and  characteristic  form  of  nystagmus. 

Hogyes,  howevnr  (op.  ciL),  has  gone  further,  and  asserts  that 
the  nerves  of  the  semicircular  canals  are  directly  connected 
with  associated  movements  of  the  eyeballs.  He  also  describes  a 
most  interesting  experiment  In  a  living  rabbit,  the  mastoid 
fossa  was  opened.  He  then  passed  a  thin  glass  tube  into  the 
perilymphatic  space  and  sucked  out  the  fluid.  He  then  gently 
blew  into  the  tube,  so  as  not  to  force  back  all  the  perilymph, 
and  immediately  noticed  bilateral  movements  of  the  eyeballs. 
A  little  more  pressure  produced  marked  nystagmus.  "  One  can 
so  regulate  the  pressure,"  he  goes  on  to  say,  "  that  without 
nystagmust  simple  movement  is  produced." 

As  to  the  direction  of  this  movement  he  also  experimented, 
but  in  a  somewhat  different  way.  He  laid  bare  portions  of  the 
labyrinth,  and,  on  touching  the  horizontal  canal,  found  that  both 
eyes  were  moved  towards  the  operated  side. 

There  is  one  more  conclusion  arrived  at  by  Spamer  (op.  dt.), 
which  I  cannot  omit  To  quote  his  words,  "  the  results  (of 
experiment)  compel  us,  as  T  think,  to  believe  that  in  conse-iuence 
of  unilateral  injury  to  one  or  several  canals,  the  perception  of 
the  position  of  parts  on  the  corresponding  side  (only  or  at  least 
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chiefly)  is  disturbed,  and  moreover,  at  first  (as  a  result  of  a 
stimulus  startiDg  from  this  point),  more  powerful  impulses  are 
sent  to  the  muscles  of  the  same  side  in  flying  and  walking. 
Thus,  the  fact  of  the  turning  and  circus  movements  in  this 
direction  can  be  accounted  for." 

Let  us  now  consider  our  arguments,  and  the  deductions  to 
be  derived  from  them.  Tt  had,  I  think,  been  shown  (1)  that  the 
nerve-endings  in  the  semicircular  canals  are  stimulated  more  or 
less  every  time  a  sound  is  perceived;  (2)  that  the  effects  of 
stimulation  are  rotation  of  the  head,  eyes,  and  body  towards  the 
stimulated  side,  with  increased  activity  of  the  muscles  of  the 
side. 

The  form  of  stimulation  which  has  been  used  by  experimenters 
is  for  obvious  reasons  immensely  more  severe  than  that  which 
would  be  caused  by  sound.  Yet  the  results  obtained  render  it 
extremely  probable  that  the  eflect  of  even  a  slight  stimulus 
would  be  to  produce  rotation  of  the  head  and  eyes  towards  the 
side  acted  upon.  Where  sound  is  the  stimulus,  we  should 
expect  this  movement  of  the  head  and  eyes,  with  more  or  less 
increased  muscular  activity  in  the  trunk  and  limbs  on  the 
corresponding  side,  denoted  by  a  partial  rotation  of  the  body. 

The  position  so  produced  corresponds  almost  exactly  with 
that  assumed  by  a  deer  startled  by  a  whistla 

I  cannot  but  think  that  the  facts  we  have  just  considered, 
make  out  a  strong  case  in  favour  of  the  theory  adopted  in  these 
pages,  viz.,  that  one  function  of  the  ampullar  nerves  is  to 
convey  directly  to  motor  centres  stimuli,  i)y  the  reflex  action  of 
which  on  the  muscular  system  the  animal  is  placed  in  a  better 
position,  (1)  for  appreciating  a  repetition  of  the  sound,  (2)  for 
seeing  the  place  in  which  a  sound  originates,  (3)  for  escaping 
from  the  cause  of  alarm. 
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SOME  POINTS  IN  THE  MYOLOGY  OF  THE  COMMON 
PIGEON.  By  William  A,  Haswell,  M.A.,  BSc.  (Edin.), 
DmnonstrcUoT  of  Comparative  Anatomy  arid  Physiology  in 
the  University  of  Sydney, 

That  there  should  be  any  moot  points  in  the  anatomy  of  such  a 
common  bird  as  the  pigeon  will,  I  think,  hardly  be  credited  by 
most.  But  in  this,  as  in  many  other  instances,  we  find  that  the 
object  which  lies  within  easiest*  reach  has  been  to  some  extent 
overlooked.  A  careful  examination  some  years  ago  of  the  mus- 
cular system  of  such  species  of  pigeons  as  I  could  then  procure, 
showed  me  that  certain  points  in  the  myology  of  that  bird  had 
been  overlooked  by  the  general  writers  on  avian  anatomy,  and 
though  it  seemed  unlikely  that  my  observations  could  be  entirely 
new,  it  seemed  to  me  that  the  importance  in  taxonomy  of  the 
points  referred  to  had  been  overlooked.  I,  therefore,  published 
in  the  Proceedings  of  the  Linnean  Society  of  New  SmUh  Wales  a 
short  abstract  of  my  observations  (Notes  on  the  Anatomy  of 
Birds— III.  The  Myological  Character  of  the  Columbidse, 
vol.  iv.  pp.  303-310)  in  which  I  set  down  the  following  points 
in  the  myology  as  being  characteristic  of  the  pigeons : — 

1.  The  absence  of  the  posterior  belly  of  the  latissimus  dorsi. 

2.  The  expanded  form  of  the  tensor  accessorius. 

3.  The  absence  of  the  gluteus  externus  and  the  presence  of 
the  adductores  brevis  ft  longus^  the  semitendinosus,  and  accessory 
semitendinosus.^ 

4.  The  special  relation  of  the  tendon  of  the  ambiens  (when 
present)  to  the  fibular  head  of  the  flexor  perforatus  secundus 
tertii  digiti. 

5.  The  presence  of  muscles  which  seem  to  represent  the  lum- 
bricales  in  the  foot. 

My  attention  has  been  directed  anew  to  this  subject  by  a  note 
in  a  paper  on  Pterocles,  by  Dr.  Hans  Gadow,  in  Part  II.  of  the 

*  The  sertiimemhranosus  is  inadvertently  mentioned  instead  of  the  accessory 
aemUendinosua  in  the  shoi-t  summary  at  the  end  of  the  paper.  The  former  muscle 
is  very  constant  in  birds,  being,  however,  absent,  according  to  8undewnU,  in 
some  grebes. 


Digitized  by 


Google 


SOME   POINTS   IN  TUB  MYOLOGY   OF  TUK  COMMON   PIGEON.    219 

Proceedings  of  the  Zoological  Society  for  1882,  wherein  the  author 
states  that  of  these  five  points  one  is  "  totally  incorrect,"  while 
three  others  are  "  not  characteristic  of  the  pigeons." 

It  will  be  well  at  once  to  point  out  that  Dr.  Gradow  is  mis- 
taken in  supposing  that,  when  I  speak  of  certain  modifications 
as  being  characteristic  of  the  pigeons,  I  intended  it  to  be  under- 
stood that  they  are  peculiar  to  that  family.  It  may  seem 
strange  that  it  should  be  necessary  to  point  out  this  distinction 
to  any  one  used  to  scientific  phraseology,  but  it  will  be  seen  that 
Dr.  Gadow  has  been  misled  by  a  neglect  of  it  But,  first,  as  to 
the  point  which  is  **  totally  incorrect" — 

The  latisaimus  dorsi  muscle  in  all  birds,  with  the  exception  of 
a  few  pigeons,  consists  of  two  ribbon-like  miiscular  bellies  united 
by  an  intermediate  fascia,  wide  apart  at  their  origin,  and  con- 
vei^ng  towards  the  axilla ;  the  front  portion  arises  from  the 
spines  of  three  or  four  of  the  anterior  dorsal  vertebrse ;  and  the 
hiuder  belly  takes  origin  from  the  fifth  and  sixth  dorsal  spines 
and  from  the  front  margin  of  the  ilium.  It  is  very  much,  in 
fact,  as  if  the  middle  portion  of  the  latisaimus  of  mammals  had 
been  cut  out,  leaving  only  the  anterior  and  posterior  fibres.  This 
arrangement  occurs,  so  far  as  my  observations  extend,  in  all 
birds,  with  the  exception  only  of  certain  pigeons,  including 
Columba  livia,  and  C.  cenas  of  Europe  and  certain  nearly  related 
Australian  genera.  In  these  the  hinder  belly  is  always  entirely 
absent  At  the  time  when  I  wrote  the  paper  referred  to  on  the 
myology  of  the  pigeons,  I  had  not  had  the  opportunity  of  dis- 
seetiog  any  fruit-pigeons,  and  I  was  led  to  suppose  that  this 
remarkable  peculiarity  extended  to  the  whole  family ;  but,  more 
recently  I  have  pointed  out,  in  a  note  on  the  anatomy  of  (Edir- 
hdnus  and  Turaeasna  (I^oc.  Lin,  Soc  New  South  Wales,  vol  vii. 
p.  116),  that  in  the  fruit-pigeons  the  arrangement  of  the  muscle 
is  normal  Thus,  though  this  exceptional  arrangement  is  not 
found  in  all  the  Colnmbidse,  its  occurrence  in  this  family  alone 
of  all  birds  is  noteworthy,  and  it  is  a  point  which  will  probably 
prove  of  considerable  taxonomic  value  within  the  limits  of  the 
family  itself. 

Hve  absence  of  the  ffltUeus  extermis  and  the  presence  of  the 
adduetores  brevis  et  longvs,  the  semitendinosuSj  and  accessory  senii- 
tendinosus, — With  reference  to  the  gluteus  externus  Dr.  Gadow 
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states: — "Now  the  m.  gluteus  externus  (—ghUetts  anterior)  is 
generally  very  small,  but  plainly  visible  in  many  birds,  such  as 
pigeons,  passerine  birds,  &c.,  and  not  absent  as  stated  by  Mr. 
Hasweil."  That  this  muscle,  though  well-developed  in  many 
families,  is  extremely  small  in  others  is  a  well-known  fact ;  but 
in  the  pigeon  it  is  entirely  aisent  as  a  separate  muscle,  as  very 
little  trouble  would  have  enabled  Dr.  Gadow  to  ascertain,  and 
as  has  been  remarked  long  ago  by  Garrod.^ 

As  regards  the  other  muscles,  whose  presence  is  noted,  their 
importance  in  classification  was  pointed  out  by  Garrod  in  a  well- 
known  paper  ("  On  Certain  Muscles  of  the  Thigh  of  Buxis  and 
tlieir  value  in  Classification,"  Proc.  Zool  Soc,  1873,  pp.  626-644, 
and  1 874,  pp.  1 1 1-1 23).  The  absence  or  presence  of  these  muscles 
he  regarded  as  being  of  some  importance  in  determining  the 
affinities  of  the  various  orders  and  families.  The  pigeons 
possess  the  whole  four  muscles,  and  this  I  put  down  as  one  of 
the  noteworthy  points  on  the  myology  of  the  family,  adding — 
"  The  significance  of  these  muscles  has  been  pointed  out  by  Mr. 
A.  H.  Garrod  ('  On  Certain  Muscles  of  the  Thigh  of  Birds  and 
their  value  in  Classification,'  Proc.  Zool  Soc.  1873  and  1874)."  It 
is,  therefore,  somewhat  difficult  to  understand  the  meaning  of  the 
remark  which  Dr  Gadow  makes  on  this  point — "  The  four  other 
muscles  are  well-developed  in  most  birds,  as  Professor  Garrod 
has  stated  over  and  over  again,  and  as  the  dissection  of  any  fowl 
will  show." 

The  special  relation  of  the  tendon  of  the  aTnbiens  when  present, 
to  the  fibular  head  of  the  flexor  perforattis  secundus  tertii  digiti, — 
On  this  Dr.  Gadow  remarks :  "  The  distal  end  of  the  ambiens 
muscle,  when  typically  developed,  always  forms  the  continuation 
of  one  of  the  heads  of  the  m.  perforatus  dig.  IT.  et  III."  This 
is,  I  believe,  perfectly  correct  But  it  does  not  contradict  my 
statement.  As  a  rule  the  fibres  of  the  distal  tendon  of  the 
ambiens.  become  broken  up  when  they  reach  the  upper  portion 
of  the  leg,  and  become  scattered  through  the  fleshy  substance  of 
the  muscles  referred  to.  In  the  pigeons  the  arrangement  is 
peculiar  in  this,  that  the  distal  tendon  maintains  its  consistency 
and  joins  the  proximal  tendon  of  the  fibular  head  of  the  flexor  per- 
foratus secundus  tertii  digili,  so  that  the  whole  might  be  regarded 

>  See  liis  Collected  Scientific  Papers,  p.  240,  or  Proc.  Zool.  JSoc.  1874. 


Digitized  by 


Google 


SO>rc  POINTS  IN  THE  MYOLOGY  OP  THE  COMMON   PIOEOX.   221 

as  au  ilio-phalangeal  mnscle  with  two  bellies,  and  the  inter- 
mediate tendon  united  to  the  fibula  by  a  tendinous  band 

The  presevjce  of  lumbriccdes  in  the  foot — The  muscle  which  I 
ventured,  on  account  of  its  proximal  attachment  to  the  flexor 
tendons  opposite  the  distal  portion  of  the  tarso-metatarsus,  to 
r^ard  as  the  equivalent  of  the  lumbricales  muscles  of  mammals, 
is  a  short  and  broad  fasciculus  of  fibres  which  becomes  bifur- 
cated distally,  and  has  its  insertion  into  the  sheaths  in  which 
nm  the  flexor  tendons  for  the  second  and  third  toes.  Dr.  Gadow 
states  that  this  muscle  was  described,  but  not  named,  by  Meckel 
in  his  Verglei/ih.  Anat.  Band  III.  p.  388,  and  his  "Archiv  fv/r 
Anat.  u,  Physiol" pp.  278  and  279,  and  that  it  is  not  peculiar 
to  the  pigeons,  as  it  occurs  in  many  other  birds,  '*  e.g.,  the  Eatitae.'' 
I  am,  unfortunately,  unable  at  present,  by  reference  to  the  works 
cited,  to  check  Dr.  Gadow's  identification  of  the  muscle  which  I 
have  called  "  lumbricales,"  with  one  described  by  Meckel ;  but 
the  statement  that  the  former  occurs  in  "  many  other  birds,  e.g., 
the  Eatitse,"  is  certainly  erroneous.  It  is  not  mentioned  by 
Owen  in  his  "  Memoir  on  the  Apteryx,"  in  his  article  "  Aves  " 
in  Todd's  Cyclopaedia,  or  in  his  "  Comparative  Anatomy  and 
Physiology  of  Vertebrates"  nor  by  Selenka  in  the  "VOgel"  of 
Brown's  **  Thierreich"  nor  by  Alix  in  his  "  AppareU  locom^teur 
des  Oiseaux,"  nor  is  any  mention  made  of  it  by  Garrod  in  his 
papers  on  the  "  Ostrich,"  in  which  a  full  description  is  given  of 
all  the  flexors  of  the  toes.  I  have  looked  for  it  in  many  families 
of  birds,  and  have  only  found  it  in  one,  viz.,  the  fowls,  so  that 
its  occurrence  in  the  pigeons,  though  not  strictly  peculiar  is  yet 
to  be  regarded  as  highly  characteristic. 
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THE  ACTION  OF  SALINE  CATHARTICS.  By  Matthew 
Hay,  M.D.,  Demonstrator  of  Practical  Materia  Medica  in  the 
University  of  Edinburgh  (Plate  X.). 

{Continued  from  page  78.) 

Series  of  Expeuimknts,  G. 

The  effect  of  the  salt  on  the  blood  and  the  circulation ;  as  also  its 
effect  on  the  temperature  of  the  body. 

I  HAVE  already  iti  Series  C.  drawn  attention  to  the  fact  that  the 
blood  becomes  concentrated  for  a  short  time  after  the  administra- 
tion of  a  strong  solution  of  sulphate  of  soda.  A  second  concen- 
tration, but  of  lesa  degree,  is  observed  several  hours  later.  At 
neither  stage,  however  concentrated  the  blood  may  be,  have  I 
ever  perceived  any  crenation  of  the  corpuscles,  if  they  were 
examined  immediately  after  the  blood  was  taken  from  the  body ; 
but,  if  the  blood  was  allowed  to  remain  for  a  few  minuter  beneath 
the  cover-glass  on  the  microscopical  slide,  I  have  often  observed 
that  the  corpuscles  of  the  concentrated  blood  became  more  or  less 
crenated,  whilst  within  the  same  time  the  corpuscles  of  ordinary 
blood  did  not  exhibit  the  slightest  appearance  of  crenation.  This 
is  a  pointy  almost  devoid  of  interest,  since  the  crenation  does  not 
occur  within  the  body. 

The  supposed  alteration  of  the  proportion  of  the  white  to 
tlie  red  corpuscles  produced  by  the  administration  of  a  saline 
purgative  is  of  more  importance,  although  the  mode  of  its  pro- 
duction and  its  effect  on  the  body  are  quite  unknown.  I  have 
myself  made  no  observations  relative  to  this  alteration,  as  the 
distribution  of  the  leucocytes  in  a  drop  of  blood  is  so  unequal  that 
the  avenge  of  a  very  large  number  of  enumerations  of  the  cor- 
puscles is  necessary  to  obtain  even  an  approximate  knowledge  of 
their  proportion  in  the  blood.  Ch.  Robin,  from  direct  observa- 
tion, is  of  opinion  that  "  a  simple  diarrhcea,  such  as  that  caused 
by  the  administration  of  a  purgative,  as  Seidlitz  water,  suffices  to 
produce  a  notable  augmentation  of  the  leucocytes.*^  On  the  other 
hand,  Brouardel,*  as  the  result  of  a  number  of  experiments  on 

'  Ch.  Robin,  Op.  cit.— supra,  vol.  xTi.  p.  440. 
'Brouardel,  Op.  eit.supTa,  vol.  xvi.  p  440. 
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man,  finds  that  after  the  administTatioD  of  saline  and  other  pur- 
gatives the  absolute  number  ot  the  leucocytes  in  the  blood  is 
sometimes  diminished^  at  other  times  increased,  but  that  in 
relation  to  the  red  corpuscles  the  number  of  the  leucocytes  is 
almost  without  exception  diminished.  The  enumeration  of  the 
corpuscles  in  the  blood  from  each  experiment  was  made  in  ten 
different  portions  of  the  microscopic  field  by  every  member  of 
Brouardel's  histological  class,  each  with  a  separate  portion  of 
blood,  so  that  6rouardel*s  observations  are  as  trustworthy  as  can 
be  obtained  by  the  method  at  our  disposal  It  is  to  be  remarked 
that  both  Brouardel  and  Robin  examined  the  blood  several  hours 
after  the  administration  of  the  purgative,  and  in  most  cases 
during  that  period  in  which  I  observed  the  secondary  concentra- 
tion of  the  blood.  It  is,  however,  highly  probable  that  the 
alteration  of  tlie  numerical  relation  of  the  white  to  the  red 
corpuscles  is  in  no  way  connected  with  the  condition  of  concen- 
tration, but  proceeds  from  the  presence  of  the  purgative  in  the 
blood  affecting  the  transformation  of  the  white  into  the  red 
corpuscle,  or  disturbing  the  production  of  the  white  corpuscle  in 
those  localities  of  the  body  where  it  is  believed  to  originate;  and 
it  is  equally  probable  that  the  change  is  gradually  accomplished, 
and,  therefore,  will  have  produced  no  perceptible  effect,  during 
the  stage  of  primary  concentration. 

The  blood,  so  far  as  I  have  observed,  suffers  no  other  physical 
or  chemical  change,  except  the  alteration  in  its  composition  due  to 
the  presence  of  the  salU  It  will  be  remembered  that  I  suggested, 
as  the  result  of  the  experiments  of  Series  D.,that  during  the  first 
hour  after  theadministrationof  thesalt  the  blood  is  probably  highly 
charged  with  the  salt,  and  that  later  the  salt  in  great  part  disap- 
pears, mainly  on  account  of  its  reappearing  within  the  intestines. 
I  may  here  state  that  since  these  experiments  were  made  I  have 
chemically  estimated  the  amount  of  the  salt  recoverable  from  the 
blood  at  various  periods  after  its  administration,  but  have  not 
been  able,  so  far,  to  obtain  evidence  of  a  marked  variation  in  tlie 
quantity  of  the  salt  in  the  blood.  The  result  of  these  and  other 
experiments  will  to/tm  the  subject  of  a  future  communication. 

The  change  in  the  metabolism  of  the  body,  which  is  intimately 
associated  with  the  action  of  the  salt  on  the  blood,  will  be  con- 
sidered along  with  the  effect  of  the  salt  on  the  urinary  secretion. 
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There  is  still  another  action,  or  supposed  action,  of  the 
purgative,  which  may  be  appropriately  considered  in  connec- 
tion with  the  blood.  Does  the  administration  of  a  saline 
cathartic  afifect  the  temperature  of  the  body  ?  Purgatives,  and 
particularly  saline  purgatives,  have  long  been  used  in  the  treat- 
ment of  fever,  under  the  impression  that,  among  other  effects,  they 
help  to  cool  the  body.  For  the  purpose  of  ascertaining  if  a  saline 
cathartic  actually  reduces  the  temperature  of  the  body,  I  made 
two  experiments  on  man,  a  third  on  a  cat,  and  a  fourth  on  a 
rabbit.  Although  not  sufficient  in  number  to  furnish  a  perfectly 
definite  conclusion,  yet  they  present  fairly  substantial  grounds 
for  inferring  that  the  salt  has  little  effect  on  the  temperature. 
In  two  of  the  experiments,  there  was  administered  on  the  previ- 
ous day,  with  the  object  of  learning  the  mere  effect  of  the  cold 
water  of  the  salt  solution,  a  quantity  of  cold  water  equal  in  bulk 
and  temperature  to*  the  salt  solution  given.  The  two  individuals 
submitted  to  the  experiment  partook  of  breakfast  at  8.30  a.m., 
and  received  no  food  until  4.30  P.M.  In  the  case  of  the  cat  and 
the  rabbit,  they  had  no  food  on  the  day  of  the  experiment  until 
after  eight  in  the  evening.  .And  on  those  days  on  which  the 
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course  of  the  nonnal  temperature  was  obtained,  and  the  course 
of  it  as  afTected  by  a  drink  of  cold  water,  the  same  restrictions  as 
to  diet  were  imposed.  The  temperature  was  taken  beneath  the 
tongue  of  the  men,  and  in  the  rectimi  of  the  rabbit  and  cat,  and 
two  observations  were  in  most  cases  made  at  each  period,  the 
one  to  correct  and  confirm  the  other. 

In  Ikperiment  CVIIL,  600  cc.  (20  oz.)  of  water  at  5"  C.  were 
given  on  the  second  day  at  the  time  indicated;  and  15  grammes 
(fully  ^  oz.)  of  sulphate  of  soda,  dissolved  in  600  cc  of  water,  the 
solution  having  a  temperature  of  5*"  C,  were  administered  on  the  third 
day.  In  the  other  experiment,  28  grammes  (1  oz.)  of  sulphate  of 
magnesia,  dissolved  in  250  cc  (fully  8  oi.)  of  water,  the  temperature 
of  the  solution  being  2**  C,  were  given  on  the  second  day. 
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In  both  experiments  the  salt  administered  was  the  sulphate  of  soda, 
and  in  equal  strength  of  solution,  namely,  10  per  cent,  and  of  like 
temperature — 7-5°C.,  50  ac.  having  been  given  to  the  rabbit,  and  40 
cc.  to  the  cat  50  c.c.  of  water,  of  the  same  temperature  as  the  salt 
solution,  were  administered  at  1.50  p.m.  on  the  second  day  of  Experiment 

ex. 

In  all  these  experiments  a  purgative  discharge  did  not  occur 
VOL  xvn.  p 
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during  the  period  in  which  the  temperature  was  recorded,  but  in 
all  of  them,  except  that  with  the  rabbit,  free  purgation  followed 
in  the  course  of  the  evening. 

Before  drawing  any  conclusion  from  these  experiments,  I 
have  to  remark  that,  from  several  unrecorded  observations  of 
the  daily  course  of  the  normal  temperature  of  the  animals 
employed,  I  found  that  the  temperature  of  the  same  animal 
often  varied  very  considerably  from  day  to  day,  as  also  throughout 
any  single  day.  Too  much  importance  is  not,  therefore,  to  be 
attached  to  the  variations  observed  during  each  experiment. 
We  may,  however,  reasonably  conclude  from  these  experiments 
that  the  solution  of  the  saline  cathartic  generally  produces,  almost 
immediately  after  its  administration,  a  slight  reduction  of  tem- 
perature, which  never  amounts  to  more  than  halF  a  degree 
Centigrade,  or  about  one  degree  Fahrenheit,  and  which  con- 
tinues, gradually  becoming  less  evident,  from  one  to  two  hours. 
The  temperature  having  reached  the  normal,  remains  at  this,  or, 
if  anything,  mounts  higher  (Exps.  CX.  and  CXI.).  It  is  pro- 
bable, however,  that  the  later  rise  of  temperature  observed  in 
these  experiments  was  due  to  causes  other  than  the  adminis- 
tration of  the  salt.  In  certain  circumstances,  as  in  Exper.  CIX., 
the  temperature  is  scarcely  afifected ;  this  is  probably  exceptional. 
Water,  it  will  be  observed,  given  in  a  quantity,  and  of  a  tem- 
perature, equal  to  those  of  the  salt  solution,  also  distinctly 
lowers  the  temperature  of  the  body,  but  barely  to  the  same 
extent  as  the  salt  solution,  and  evidently  not  for  so  great  a 
length  of  time. 

A  saline  cathartic  would,  therefore,  appear  to  exert  no,  or  very 
little,  lowering  effect  on  the  temperature  beyond  that  produced 
by  an  equal  quantity  of  cold  water.  The  sliglitly  greater  effect 
of  the  saline  solution  and  its  more  protracted  action  are  probably 
to  be  attributed  to  the  absorption  of  heat  which  occurs  when  the 
solution  is  diluted  by  its  mixture  with  the  fluid  contents  or 
secretion  of  the  alimentary  canal  and  with  the  blood,  a  solution 
of  a  salt  absorbing  heat,  or  being  reduced  in  temperature,  when 
it  is  diluted 

But,  although  the  degree  of  the  general  temperature  of  the 
body,  or  the  temperature  of  the  internal  organs,  is  not  affected 
by  the  salt,  it  seems  almost  to  be  otherwise  with  the  absolute 
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heat  or  caloric  of  the  body.  For  it  is  common  experience  that 
for  several  hours  after  the  administration  of  a  saline  cathartic, 
and  for  many  hours  beyond  the  actual  observed  depression  of 
temperature,  there  is  a  decided  feeling  of  chilliness,  some- 
times accompanied  by  slight  shiverings,  the  extremities  often 
becoming  extremely  cold.  This  is  not  a  mere  subjective  sensa- 
tion of  cold ;  for  it  is  not  difficult  to  ascertain  that  the  tem- 
I)erature,  for  example,  of  the  hands,  is  much  lower  than  usual 
Yet  the  temperature  of  internal  and  imexposed  parts  remains 
high.  Tins  loss  in  the  absolute  heat  of  the  body  is  probably 
caused  by  a  contraction  of  the  periphenil  arteries  due  to  the 
slightly  irritating  action  of  the  salt  dissolved  in  and  circulating 
with  the  blood.  A  full  supply,  therefore,  of  warm  blood  is  denied 
to  the  peripheral  parts  of  the  body,  and  these  being  exposed  to 
the  cold  of  the  surrounding  atmosphere  quickly  lose  their  heat. 

In  so  far,  therefore,  as  its  efifect  on  the  temperature  is  con- 
cerned, the  advantage  of  the  employment  of  a  saline  cathartic 
in  the  treatment  of  fevers  is  extremely  doubtful ;  for,  although 
the  peripheral  temperature  is  reduced,  the  temperature  of  the 
blood  and  of  the  viscera,  on  which  the  effect  of  a  high  tempera- 
ture is  most  dreaded,  is  not  lowered. 

The  supposition  made  in  explanation  of  the  salt  reducing  the 
temperature  of  the  periphery  of  the  body,  namely,  that  the 
arterioles  have  their  calibre  diminished,  receives  support  from 
observations  I  have  made  of  the  action  of  the  salt  on  the  circu- 
lation, to  the  consideration  of  which  I  now  proceed. 

In  estimating  the  effect  of  the  saline  cathartic  on  the  circula- 
tion I  have  confined  myself  to  observing  the  effect  on  the  pulse 
by  means  of  Marey's  sphygmograph.  No  direct  experiments 
were  made  as  to  the  action  of  the  salt  on  the  actual  arterial 
blood-pressure,  owing  to  the  fact  that,  from  sphygmographic 
observations,  I  knew  the  effect  on  the  circulation  was  very 
gradually  produced,  and  was  probably  at  no  time  very  marked ; 
and  in  such  a  case  I  believed  that  the  effect  of  the  prolonged 
subjection  of  the  animal  to  the  requirements  of  a  blood-pressure 
experiment,  and  the  disturbance  produced  by  the  necessary  admin- 
istration of  anaesthetics,  would  almost  certainly  obscure  thp 
action  of  the  salt 

The  prevalent  belief  has  long  been  that  cathartics,  salines  in- 
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eluded,  lower  the  blood-pressure.  And  it  is  more  vrith  this 
object  than  from  any  anticipated  effect  on  the  temperature  that 
cathartics  have  been  employed  in  the  treatment  of  acute  febrile 
and  inflammatory  conditions,  it  being  supposed  that,  by  remov- 
ing through  the  intestines  from  the  blood  a  quantity  of  its  fluid, 
they  accomplish  a  form  of  depletion  which  results  in  a  diminu- 
tion of  the  volume  of  the  blood  and  consequently  of  its  pressure. 
This  supposition  is  based  on  the  erroneous  assumption  that  a  very 
gradual  and  not  too  extensive  depletion  of  the  blood  is  followed 
by  a  lowering  of  the  blood-pressure.  Still  it  is  possible  that^ 
quite  apart  from  this  supposition  as  to  the  method  of  its  pro- 
duction, cathartics  lower  the  blood-tension.  Lauder  Brunton^ 
gives  two  sphygmographic  tracings  of  the  pulse  of  a  healthy 
man,  one  taken  before,  and  the  other  after,  the  action  of  a  pur- 
gative, which  lend  support  to  the  common  belief.  The  name  of 
the  purgative  used  is  not  stated.  My  own  observations  are  more 
numerous  than  those  of  Brunton,  and  in  their  results  they 
seem  to  contradict  those  of  that  eminent  pharmacologist  I,  of 
course,  employed  saline  purgatives,  and  observed  their  effect  on 
the  tension  and  rate  of  the  pulse,  and,  as  in  Lauder  Brunton's 
experiment,  in  individuals  with  a  normal  circulation.  The 
observations  were  made  on  the  patient  submitted  to  Experi- 
ments LIV.  and  LV.,  in  both  of  which  sulphate  of  soda  was  the 
salt  employed,  and  on  a  second  patient  in  the  wards  of  the 
infirmary  to  whom  a  dose  of  sulphate  of  magnesia  was  ad- 
ministered. The  sphygmographic  tracings  from  the  former 
patient  were  taken  whilst  the  previous  experiments  were  in 
operation. 

Experiment  CXIL — J.  W.,  aei.  33,  suffering  from  a  chronic 
nervous  disease  of  an  ataxic  character ;  general  health  otherwise  good. 
The  patient  was  placed  in  bed  about  twenty  minutes  before  the  first 
tracing  was  taken,  and  was  kept  in  bed  throughout  the  experiment. 
The  sphygmograph  (Marey*s)  was  fixed  with  a  comparatively  light 
pressure  over  the  left  radial  artery  at  the  wrist,  the  arm  being  kept 
all  the  while  steadily  in  the  same  place  on  the  bed,  and  the  sphygmo- 
graph was  not  moved  firom  its  original  position  imtil  all  the  tracings 
had  been  taken,  except  that,  immediately  after  taking  the  last  tracing 
of  the  series  presented,  it  was  moved  gently  about  for  the  purpose  of 
ascertaining  if  the  character  of  the  tracing  was  not  due  to  a  change 
having  occurred  in  the  position  of  the  instrument.     But,  although 

^  Lander  Brunton,  PraeHUonerf  vol.  xii.,  1874,  p.  417. 
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seyeral  other  tradngs  were  taken,  thej  did  not  differ  in  character 
from  the  one  first  procured.  No  food  was  given  during  4^  hours 
previous  to  the  administration  of  the  purge — 21*3  grammes  (|  oz.) 
of  sulphate  of  soda  dissolved  in  85  cc.  (3  oz.)  of  water,  or  neariy 
a  20  per  cent,  solution  of  the  s^t  Purgation  occurred  next  mcmung, 
folly  14  hours  afterward&  A  large  series  of  tracings  were  taken,  a 
few  of  which  are  reproduced.  The  following  letters  refer  to  those  of 
the  accompanying  lithograph  (Plate  X.). 

A.  10  minutes  lefort  the  administration  of  the  pnigative.  Pulse,  60  ;  resp.  20. 

B.  60  minutes  afUr  „  „  „  „  Pulse,  56  ;  resp.  20. 
a  125  minutes  „  „  „  „  Pulse,  60 ;  rs^  2(k 
D.  185  minutes           ,,            „            „            „  Pulse,  56 ;  resp.  24. 

A  tracing  was  taken  9f  hours  after  the  administration  of  the  purga- 
tive, the  pulse  heing  52,  and  respiration  24  ;  it  was  almost  exactly  the 
same  in  character  as  D. 

Experiment  GXIIL — Same  individual  as  in  previous  experiment 
and  conditions  exactly  alike,  excepting  that  the  salt  was  given 
dissolved  in  454  c.a  (16  oz.)  of  water — ahout  a  5  per  cent  solution. 
A  free  watery  purgation  occurred  two  hours  afterwards. 

The  series  of  tracings  obtained  during  this  experiment  was  similar 
in  character  to  that  of  the  previous  experiment,  except  that  the 
gradual  change  observed  to  occur  in  the  form  of  the  pulse-wave, 
although  quite  evident,  was  not  so  well  marked.  The  rate  of  the 
pulse  and  the  respirations  was  very  little  affected,  falling  very  slightly 
after  the  administration  of  the  salt,  the  former  from  60  to  58,  and  the 
latter  from  12  to  20. 

JSxperimetU  CXIV, — W.  F.,  flat  19,  convalescent  from  nephritis. 
Conditions  were  quite  the  same  as  in  the  previous  experiments.  The 
purgative  administered  was  21*3  grammes  (f  oz.)  of  sulphate  of 
magnesia,  dissolved  in  227  cc.  (8  oz.)  of  water — about  a  10  per  cent, 
solutioa  Purgation  took  place  2^  hours  afterwards,  and  was  followed 
by  another  watery  dejection  a  few  hours  later  in  the  evening.  The 
following  numerals  refer  to  those  of  the  accompanying  lithograph,  in 
which  a  few  of  the  spygmographic  tracings  tkken  are  represented. 

L      7  minutes  before  the  administration  of  the  purgative.  Pulse,  92  ;  resp.  20. 

II.  60  minutes  q/li^  „  ,,  „  „  Pulse,  82 ;  resp.  18. 

III.  143  Qiinutes  „  „  „  „  Pulse,  84 ;  resp.  20. 

IV.  225  xillnutes  „  „  „  ,,  Pulse,  79 ;  resp.  17. 

The  pulse-wave,  as  obtained  by  the  sphygmograph,  is  not 
always  a  very  reliable  index  of  the  blood-pressure ;  yet,  as  the 
present  observations  were  made  with  the  greatest  care,  and  with 
the  assistance  of  Dr.  Logan,  a  former  resident  physician  in  the 
infirmary,  and  who  had  considerable  experience  in  the  use  of  the 
sphygmograph  whilst  assisting  Professor  T.  R.  Eraser,  we  are 
entitled  to  regard  these  tracings  as  fairly  representing  the  state 
of  the  pulse.     In  each  case,  the  pressure  of  the  sphygmograph 
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remaining  constant,  the  instrument  was  so  placed  as  to  obtain  the 
greatest  possible  movement  of  the  lever,  and  in  this  position  it 
was  maintained  during  the  experiment.  When  it  was  removed 
to  permit  of  the  patient  going  to  stool,  as  happened  in  the  last 
two  experiments,  it  was  afterwards  placed  in  exactly  the  same 
position,  and  gently  moved  about  until  it  rested  on  the  point 
which  gave  the  maximum  movement  of  the  lever.  In  each 
experiment  many  more  tracings  were  taken  than  those  repro- 
duced, and  all  of  them  showed  progressively  the  changes  seen  in 
those  selected. 

In  the  first  place,  it  will  be  observed  that  the  frequency  of 
the  pulse  cannot  be  said  to  be  much  altered ;  if  there  be  any 
change  it  is  towards  a  slowing  of  the  pulse.  It  is  otherwise  with 
the  tension  of  the  pulse,  particularly  in  the  first  of  the  three  ex- 
periments where  each  successive  tracing  indicates  a  progressive 
increase  of  the  arterial  tension,  most  evident  in  the  third 
and  following  tracings.  The  same  effect  was  observed  in  the 
second  experiment,  although  not  so  markedly.  The  great  differ- 
ence in  the  degree  of  the  concentration  of  the  solution  of  the 
salt  administered  in  these  two  experiments  producing  a  remark- 
able difference  in  the  degree  of  the  concentration  of  the  blood 
(vide  Experiments  LIV.  and  LV.)  may  account  for  the  difference 
in  the  pulsa  The  lessened  total  volume  of  the  blood  in  the 
first  experiment  is,  almost  contrary  to  expectation,  associated 
with  a  more  decided  increase  of  the  tension  of  the  pulse.  But 
whether  this  greater  rise  is  to  be  attributed  to  the  concentration 
of  the  blood,  or  to  the  absorption  and  presence  of  more  salt  in 
the  blood  than  in  the  second  experiment,  it  is  diflScult  to  say. 

In  the  third  experiment,  that  in  which  sulphate  of  magnesia 
was  administered,  an  increase  of  the  tension  of  the  pulse  is  also 
apparent.  I  regret  that,  owing  to  the  discharge  of  the  other 
patient  from  the  hospital,  I  was  unable  to  make  this  experiment 
also  on  him,  so  that  a  better  comparison  might  have  been  insti- 
tuted between  the  action  of  the  soda  salt  and  that  of  the  magnesia 
salt.  The  frequency  of  the  pulse  is  in  this  experiment  decidedly 
lessened,  but  this  may  have  been  accidental. 

The  rate  of  the  pulse,  judging  from  these  and  other  experi- 
ments, becomes  usually  a  little  slower  after  the  administration 
of  the  salt,  but  often  it  is  not  at  all  affected. 
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If  I  am  correct  in  interpreting  the  changes  observed  in  the 
pulse-tracings  as  indicating  an  increase  of  the  arterial  pressure, 
it  falls  to  be  asked  how  this  increase  is  accomplished.  It  is 
probably  due,  as  I  have  already  hinted,  to  the  irritation  of  the 
walls  of  the  arteries,  particularly  of  the  smaller  arteries,  by 
the  salt,  which  the  blood  has  absorbed,  producing  a  contraction 
of  their  calibre,  and  thus  increasing  the  resistance  to  the  onward 
flow  of  the  blood.  The  nature  of  the  alteration  of  the  pulse- 
wave  points  more  to  a  diminished  outflow  of  blood  through  the 
arterioles  than  to  an  increased  inflow  from  stimulation  of  cardiac 
action.  If  the  heart  participate  in  effecting  the  increase  of  the 
blood-pressure,  the  rate  of  its  pulsations  shows  that  it  is  not 
by  any  increase  of  their  frequency. 

What  then  is  the  value  of  the  cathartic  in  inflammation,  if  it 
increases  the  blood-pressure  within  the  inflamed  organ  ?  In- 
crease of  arterial  pressure,  however,  does  not  necessarily  imply 
increase  of  pressure  within  the  capillaries,  if  the  increased  pres- 
sure be  due  to  the  contraction  of  the  arterioles.  It  may,  on  the 
contrary,  be  associated  with  a  diminished  capillary  pressure;  and 
this  is  probably  what  occurs  after  the  administration  of  a  saline 
cathartic.  But,  even  should  the  salt  increase  the  pressure  of 
the  entire  blood  system  of  the  organ,  it  is  possible  that  as 
mach  benefit  may  be  derived  from  a  more  forcible  an^  penetrat- 
ing circulation,  driving  onwards  the  stagnating  blood,  as  from  a 
diminution  of  pressure.  How  else  can  digitalis  prove  so  beneficial 
in  cases  of  inflammation  and  fever,  if  we  accept  the  results  of 
some  recent  continental  experiments  with  this  remedy? 

Sebies  of  Experiments,  H. 
The  effect  of  the  salt  on  the  urinary  secretion. 

The  experiments  of  this  series  are,  like  those  of  the  last  series, 
somewhat  fragmentary,  and  do  not  pretend  to  do  more  than 
roughly  indicate  the  probable  mode  of  action  of  the  saline  purga- 
tive on  the  urina 

This  action  requires  to  be  considered  with  reference  to  the 
effect  of  the  salt  on  the  rate  of  the  secretion  of  the  urine,  and  its 
effect  on  the  chemical  composition  of  the  urine.'  The  immediate 
effect  of  the  administration  of  a  dose  of  a  saline  purgative  on  the 
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secretion  depends  considerably  on  the  degree  of  dilution  of  the 
salt  given.  If  the  solution  is  very  concentrated,  the  amount  of 
urine  secreted  during  the  next  few  hours  is  often  somewhat 
diminished,  owing  to  a  partial  metastasis  of  the  secretion.  But 
quite  as  frequently  the  rate  of  the  secretion  may  not  at  all  be 
affected.  If,  however,  the  solution  is  very  dilute,  there  is  an 
immediate  increase  of  the  secretion,  which  continues  for  a  short 
time,  until  the  excess  of  water  taken  with  the  purgative  has  been 
eliminated  by  the  kidneys.  But  whether  the  salt  solution  ad- 
ministered be  dilute  or  concentrated,  unless  extremely  dilute, 
there  is  frequently  observed,  during  the  twelve  hours  or  so  im- 
mediately following  the  injection  of  the  purgative,  a  diminu- 
tion of  the  total  amount  of  the  secretion.  This  diminution 
is  probably  dependent  on  the  fluids  of  the  blood  having  been 
largely  removed  during  this  time  by  purgation.  This  effect,  how- 
ever, is  not  constant,  and  is  not  exhibited  in  all  of  the  experiments 
selected  to  illustrate  this  serie&  Sooner  or  later  the  diminution 
of  the  secretion,  if  it  occur,is  succeeded  by  a  generally  well-marked 
increase,  which  usually  begins  to  be  evident  vrithin  twelve  or 
fifteen  hours,  or  more,  after  the  administration  of  the  purge,  and 
which  continues  for  a  complete  day,  or  longer,  afterwards.  This  is 
well  illustrated  in  Experiment  XXIII.  of  Series  A.,  and  in  Experi- 
ments LIV.  and  LV.  of  Series  C,  and  in  some  experiments  whose 
details  I  shall  immediately  give,in  all  of  which  care  was  taken  that 
the  daily  amount  of  fluids  imbibed  was  as  nearly  as  possible  con- 
stant This  diuretic  effect  of  the  salt  is  accompanied  by  a  toler- 
ably distinct  concentration  of  the  blood,  aa  I  have  previously 
pointed  out  (Series  of  Experiments,  C). 

The  effect  of  the  saline  cathartic  on  the  quality  or  composition 
of  the  urine  is,  apart  from  the  alteration  produced  by  its  own 
presence,  not  great,  and  will  be  best  appreciated  after  considering 
the  results  of  the  subjoined  experiments. 

In  the  first  of  the  experiments  of  this  series  the  action  of  a 
very  dilute  solution  of  sulphate  of  soda  on  the  rate  of  the  urinary 
secretion  will  be  exhibited  and  contrasted  with  the  normal 
rate  of  secretion,  and  with  the  effect  of  water,  equal  in  quantity 
to  the  salt  solution  administered.  This,  as  well  as  the  two 
subsequent  experiments,  I  conducted  on  myself;  and  whilst 
they  were  being  made  I  took  care  that,  for  some  days  previously, 
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my  diet,  and  particularly  the  liquids  of  it,  should  be  of  the  same 
quality  and  quantity  on  each  day ;  as  far  as  possible,  also,  the 
amount  of  physical  exercise,  and  the  nature  of  my  occupation, 
were  similarly  r^ulated.  fireakfast  was  taken  about  8.30  A.M., 
and  dinner  not  until  5.30  or  7.30  p.m.,  no  food  having  been  eaten 
in  the  interval,  and  no  supper  afterwards.  No  fluids  were  con- 
sumed unless  at  meals,  and  then  sparingly.  In  this  way  it  was 
possible  to  procure  a  tolerably  steady  rate  of  urinary  secretion. 
The  urine  was  usually  collected,  by  a  complete  evacuation  of  the 
bladder,  every  half  hour  during  the  afternoon,  the  salt  not  being 
administered  until  about  four  hours  after  breakfast,  so  that  the 
stomach  might  be  fairly  free  from  food,  the  breakfast  being  light 
and  easily  digestible: 

Experiment  CXV. — In  the  accompanying  tabulated  arrangement  of 
the  results  of  this  experiment,  at  each  hour  bracketed  in  the  first 
day  of  the  B.  part  of  it,  100  c.  a  of  a  solution  of  sulphate  of  soda  were 
drunk,  containing  3  grammes  of  the  salt,  and  at  the  same  hour  in  the 
C.  part,  100  C.C  of  ordinary  spring  water  were  taken.  The  bladder 
was  evacuated  every  half  hour  from  12.30  to  7.30  p.m.  From  7.30  p.m. 
until  8.30  next  morning  it  was  evacuated  at  irregular  intervals,  but 
the  whole  of  the  urine  was  measured,  and  from  it  was  estimated 
the  half-hourly  average.  From  10.30  a.m.  to  12.30  p.m.  the 
bladder  was  emptied  hourly.  The  sulphuric  acid  of  each  of  the  half- 
hourly  evacuations  was  estimated  by  boiling  the  urine  with  hydro- 
chloric acid,  and  afterwards  precipitating  with  barium  chloride  in  the 
usual  manner,  and  with  the  usual  precautions.  On  account  of  the 
urine  having  been  previously  boOed  with  hydrochloric  acid,  both  the 
"gepaart"  and  "ungepaart"  sulphuric  acid  was  precipitated.  The 
excess  represented  in  the  table,  and  calculated  as  sulphate  of  soda,  is 
the  excess  of  the  acid  due  to  the  presence  of  the  purgative  salt  The 
normal  proportion  of  the  acid  was  estimated  during  the  hour  previous 
to  commencing  the  experiment.  The  quantity  normally  excreted 
very  gradually  becomes  less  during  the  afternoon,  but  the  fall  is  not 
sofBcient  to  impair  the  general  accuracy  of  the  results  given. 

A  moderately  soft  stool  was  passed  about  8  p.m.  of  the  same  day 
on  which  the  salt  was  taken. 

It  will  be  observed  from  the  results  of  this  experiment  that 
the  drinking  of  400  c.c.  of  a  3  per  cent,  solution  of  sulphate  of 
soda  produces  an  immediate  increase  in  the  flow  of  urine,  although 
not  by  any  means  in  proportion  to  the  amount  of  fluid  taken, 
and  very  much  less  in  amount  than  that  caused  by  the  drinking 
of  the  same  quantity  of  water,  when,  indeed,  allowing  for  the 
normal  amount  of  secretion,  more  urine  was  secreted  than  there 
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was  taken  of  water.  The  immediate  increase  of  the  urine,  which 
follows  the  administration  of  the  salt,  gradually  but  quickly  dis- 
appears, and  is  followed  by  a  remote  increase,  which  commences 
in  the  course  of  the  night  and  is  apparent  during  the  greater 
part  of  the  following  day. 

The  rate  of  the  elimination  of  the  salt  in  the  urine  is  of 

Experiment  CXV. 


Half -hourly  Rate  of  Secretion  of  Urine. 

■ 

Solphates  estimated 

Time 
of 

After  Administration  of 

as  NaftSO4.10H,O 
recovered  from 

Ericuatlon 

Urine  of  B. 

of 

A. 

B. 

Bladder. 

Normal 

Sulphate  of  Soda. 

C. 
Water. 

First  day. 

Second  day. 

TotaL 

Excess. 

C.C. 

c.c. 

C.C. 

C.C. 

grms. 

grms. 

10.30  a.m. 

... 

11.30    „ 

24 

19 

29 

20 

12.30  P.m". 

22 

20 

32 

23 

0-1200 

... 

[12.82    ,.] 

rlOOcc.  of"! 
LsaltsolutionJ 

"100  C.C.  of -I 
.     water     J 

1 

20 

32 

28 

36 

0-1989 

0-0789 

[1.2      „] 

riOOcc.  of] 
LsaltsolationJ 

rlOO  C.C.  of  1 
L     water     . 

1.80     „ 

19 

32 

30 

72 

0-1972 

0-0772 

[1.32    „] 

•lOOcc.  of  I 
.salt  solution  J 

r  100  C.C.  of- 
L      water     . 

... 

... 

2 

16 

48 

28*5 

172 

0  1964 

0-0764 

[2.2       „] 

r  100  C.C  of  ] 
salt  solution  J 

riOO  C.C.  of-| 
L    water      J 

2.30     „ 

16 

61 

26 

168 

0-1968 

0-0768 

8 

16 

35 

25 

109 

0-2168 

0-0968 

8.30     „ 

16 

31 

26 

94 

0-2232 

0  1032 

4 

14-5 

28 

26 

66 

0-2290 

0  1090 

4.30     „ 

13 

22 

24 

31 

0-2172 

0  0972 

5 

13-6 

24 

28 

22 

0-2600 

0  1400 

5.30     „ 

12 

23 

17 

18 

0-2582 

01382 

6 

11 

16 

16 

13 

0-2213 

0-1013 

6.30     „ 

11 

11 

15 

12 

0-2189 

0-0989 

7 

11-5 

10 

14 

11 

0-2046 

0-0846 

7.30    „ 

11 

10 

12 

10 

0-2032 

0-0832 

10.30  A.M. 

28 

30 

31 

25 

Totol  ) 
Excess  t 

1-3617 

particular  interest  in  connection  with  the  experiments  of  Series 
D.,  where  the  conclusion  was  arrived  at,  that,  at  least,  the  acid  of 
the  salt  in  large  part  enters  the  blood,  or  rather  disappears  from 
the  alimentary  canal  immediately  after  its  ingestion.     If  it  were 
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present  in  the  blood,  we  would  expect  that  during  this  period 
there  would  be  more  of  the  salt  or  the  acid  in  the  urine  than 
at  a  later  period  when  the  salt  returns  to  the  alimentary  canal. 
The  rate  of  the  elimination  of  the  salt  in  the  present  experiment 
exhibits  no  evidence  of  the  blood  being  richly  charged  with  the 
salt  during  the  first  one  or  two  hours  after  the  administration  of 
the  purge. 

The  next  two  experiments  are  similar  to  the  B.  part  of  the  pre- 
ceding in  their  arrangement,  excepting  that  the  salt  administered 
was  the  sulphate  of  magnesia,  and  that  the  half-hourly  excretion 
of  urea  and  chlorides  was  carefully  ascertained,  the  former  as 
representing  the  organic,  the  latter  as  representing  the  inorganic, 
matter  of  the  urine ;  the  rate,  also,  of  the  elimination  of  the 
base  of  the  purgative  salt,  as  well  as  that  of  the  acid,  was  in- 
vestigated. In  the  one  experiment  a  highly-concentrated  solu- 
tion of  the  salt  was  taken,  in  the  other  a  dilute  solution, 
although  not  so  dilute  as  in  Experiment  CXY.  In  the  latter 
of  the  two  experiments  the  degree  of  the  acidity  of  the  urine  was 
observed.  The  results  of  these  experiments  are  arranged  in  a 
tabular  form. 

The  uiea  was  estimated  by  means  of  the  nitrogen  or  hypobromite 
process,  and  the  chlorides  by  the  usual  volumetric  method  with  nitrate 
of  silver.  The  magnesia  was  separated  in  the  form  of  the  ammonio- 
phosphate,  the  urine  having  been  previously  deprived  of  its  iron  and 
its  lime  by  first  acidulating  it  with  hydrochloric  acid,  then  almost 
neutralising  it  with  carbonate  of  sod^T,  afterwards  adding  acetate  of 
soda,  and  boiling  and  filtering,  and,  finally,  treating  the  filtrate  with 
oxalate  of  ammonia,  and,  after  allowing  it  to  stand  for  twelve  hours, 
again  filtering.  The  ammonio-phosphate  was  heated  to  redness,  and 
the  pyro-phosphate  obtained,  which  was  the  salt  weighed.  The 
standard  solution  of  caustic  potash  employed  for  the  determination 
of  the  acidity  of  the  urine  contained  0*68  grms.  in  100  c.c.  of  water. 
As  the  quantity  of  the  chlorides  and  urea  secreted  in  a  given  period 
depends  very  largely  on  the  amount  of  the  urine,  I  have  thought  it 
desirable  to  give  the  quantity  of  each  in  5  c.c.  of  mine,  as  well  as 
the  absolute  quantity  excreted  in  the  course  of  the  half  hour.  The 
estimation  of  the  chlorides  and  of  the  urea  were  not  continued  after 
dinner,  as  the  food  considerably  affects  their  elimination. 

The  rate  of  elimination  of  the  chlorides  and  urea  in  the  normal 
urine  was  found  to  exhibit,  as  is  well  known,  an  increase  for  a  few 
hours  after  breakfast,  as,  indeed,  after  every  meal,  and  afterwards  to 
undergo  with  occasional  variations  a  continuous  decrease.  The  de- 
crease was  more  marked  in  the  case  of  the  chlorides  than  of  the  urea. 
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The  rate  of  their  elimination  did  not  exhibit  a  substantial  difference 
from  that  shown  in  Experiment  CXVI.  after  the  administration  of  the 
salt,  and,  as  it  varied  somewhat  from  day  to  day,  I  have  not  deemed 
necessary,  for  the  sake  of  comparison,  to  insert  the  results  I  obtained. 

If  a  careful  survey  be  made  of  the  results  of  these  two  experi- 
ments it  will  be  seen,  first,  as  regards  the  rate  of  the  secretion  of 
the  urine,  that  the  administration  of  the  concentrated  purge  has 
not  been  followed  by  an  immediate  lowering  of  the  rate,  as  I 
have  sometimes  observed  to  occur ;  and  that  an  hour  after  the 
diluted  salt  was  taken  the  secretion  has  become  considerably 
increased.  The  further  course  of  the  rate  of  the  secretion  is 
much  alike  in  both. 

Next,  as  concerns  the  acidity  of  the  urine,  it  becomes  dis- 
tinctly increased  after  the  administration  of  the  salt,  but  this 
increase  is  probably  for  the  most  part  physiological,  and  would 
have  taken  place  although  the  salt  had  not  been  administered, 
as  the  urine,  which  is  alkaline  whilst  gastric  digestion  is  actively 
going  on,  gradually  becomes  acid  afterwards,  and  the  salt  was 
probably  taken  whilst  the  natural  acidity  was  still  on  the 
increase.  At  any  rate,  I  have  several  times  observed  that  the 
normal  acidity  of  the  urine,  some  hours  after  breakfaist,  is  quite 
equal  to  that  recorded  .as  occuning  after  the  administration  of 
the  salt. 

The  effect  of  the  salt  on  the  amount  of  the  urea  is  not  well 
pronounced,  and  it  is  extremely  difficult  to  rightly  interpret  the 
results  obtained,  owing  to  the  amount  of  the  urea  being  greatly 
affected  by  the  quantity  of  the  urinary  secretion.  From  a  care- 
ful consideration  of  these  results,  and  attaching  more  import- 
ance to  the  percentage  than  to  the  absolute  amount  of  urea, 
particularly  where  the  rate  of  the  urinary  secretion  has  become 
tolerably  uniform,  as  from  1.30  to  3.30  p.m.  in  Experiment 
CXVI.,  and  remembering  that  the  urea  normally  begins  steadily 
to  decrease  some  hours  after  a  meal  and  when  no  excercise  is 
being  taken,  I  am  inclined  to  believe  that  there  is  a  very  slight 
increase  in  the  excretion  of  the  urea,  and  that,  therefore,  the  salt 
promotes  to  a  small  extent  the  tissue-metamorphosis  of  the 
body.  This  is,  however,  at  best,  extremely  doubtful,  and  does 
not  receive  much  support  in  the  next  two  experiments. 

The  chlorides  of  the  urine  are  also  evidently  not  much  altered 
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in  quantity,  if  allowance  be  made  for  the  gradual  diminution  in 
their  excretion,  which  begins  after  digestion  has  been  completed. 
If  altered  they  are  probably  slightly  diminished.  The  estima* 
tions  of  the  chlorides  awanting  in  Experiment  CXVIL  are  due  to 
the  urine  having  had  hydrochloric  acid  accidentally  added  to  it. 
The  most  interesting,  because,  to  a  large  extent,  the  most 
definite,  of  the  results  of  the  analyses  of  the  urine  in  these 
experiments  are  those  which  exhibit  the  rate  of  elimination  of 
the  acid  and  base  of  the  purgative  salt  by  the  kidneys.  This  is 
best  shown  in  the  following  table,  where  the  excess  of  the 


Exhibiting  thb  Excess  of  the  Acid  and  Base  of  the  Puroatite  Salt 
Eliminated  in  the  Urine. 


!                               EXPXEIMBfT  CXVI. 

ExpimiMBirr  GXVII. 

Time 

of 

ETftcnatloD 

Half-hourly  Excess. 

calculated  as  MgS04.7H,0, 

of 

Time 

of 

Eraciiatlon 

of 

Bladder. 

Half-hourly  Excess, 

calculated  as  MgS04.7H,0. 

of 

of 
Bladder. 

Snlpharic 
Add. 

Magnesia. 

Sulphuric 
Add. 

Magnesia. 

12.32  P.M. 

1 
1    1.30    ,. 

;    2.30   „ 

1    3         „ 

8.80   „ 

4.80   „ 

6.30   „ 

8.30  a.m. 

12-30  P.M. 

'    5.80    „ 

s5?»dmi 
00191 
0-0191 
0-0712 
0-0579 
0-0594 
01171 
0-1290 
0-1925 
0-1556 
0-1059 
0-0795 

gnns. 
nistered. 

-     00258 

0-0219 

00172 
00108 
0-0000 

12.16  a.m. 

12.46    „ 
1.16    ., 
1.45    „ 
2.20    „ 
2.45     „ 
8.15    „ 
8.45    „ 
4.15    ., 
4.45    „ 
5.15    „ 
6.15    „ 
7.15    „ 

gnns. 
Salt  admi 
0-0257 
0  0656 
0-0762 
0  0836 
0-0117 
0-1057 
0-0695 
0-0612 
0-0794 
00629 
0-0971 
0-1352 

gnus, 
nistered. 
00195 
0-0100 
0-0149 
0  0124 
00107 
0  0102 

0  0188 
0-0078 
0  0188 

1      ToUl 
1  Excess  in 
17  hours. 

7-3708 

0-8074 

Total 

Excess  in 

7  hours. 

1-1061 

0-2061 

magnesia  and  the  sulphuric  acid  beyond  the  quantity  normally 
present  in  the  urine  is  represented.  The  normal  quantity  of 
each  was  ascertained  from  an  estimation  of  its  amount  in  the 
urine  secreted  previous  to  commencing  the  experiment;  and, 
although  the  urine  examined  was  collected  only  during  two 
hours,  or  a  little  less,  the  quantity  of  magnesia  and  sulphuric 
acid  obtained  from  it  was  found  by  comparison  with  analyses  of 
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the  total  twenty-four  hours'  urine  to  represent  almost  exactly  the 
proportion  that  these  other  analyses  would  have  led  us  to 
expect 

The  rate  of  the  elimination  of  the  acid  after  it  has  been  fairly 
established,  that  is,  within  an  hour,  or  an  hour  and  a  half,  after 
the  administration  of  the  salt,  remains  tolerably  uniform  for  a 
few  hours  subsequently,  but  it  gradually  increases  towards  even- 
ing, in  spite  of  the  quantity  of  the  urinary  secretion  undergoing 
a  gradual  diminution,  and  remains  tolerably  high  throughout 
the  day.  The  degree  of  concentration  of  the  solution  of  the 
purgative  salt  when  given,  evidently  exerts  little  influence  on 
the  rate  of  the  elimination  of  the  acid.  The  rapidity  of  the 
elimination  of  the  base,  or  the  magnesia,  was  probably  also 
much  alike  in  both  experiments,  although  the  results  of  Experi- 
ment CXVI.  exhibit  a  somewhat  higher  rate  than  those  of  the 
other.  The  apparent  lower  rate  of  the  latter  is  probably  due  to 
the  errors  accompanying  the  analysis  of  very  small  quantities 
of  the  urine.  In  Experiment  CXVI.,  which  is  moire  extended 
than  the  other,  the  rate  of  elimination  of  the  magnesia  after 
the  first  three  or  six  hours  is  seen  gradually  to  decline,  and 
terminates  evidently  some  hours  previous  to  the  complete 
elimination  of  the  sulphuric  acid.  The  most  noteworthy  result, 
however,  is  brought  out  in  a  comparison  of  the  rates  of  elimina- 
tion of  the  acid  and  base.  The  former  appears  in  the  urine  in 
much  larger  quantity  than  the  latter,  especially  after  the  first 
hours  following  the  ingestion  of  the  salt  Estimating  both  acid 
and  base  as  MgSO^.TH^O,  the  quantity  excreted  of  the  former  is 
on  an  average  nearly  ten  times  as  great  sis  that  of  the  latter. 
The  salt  is  evidently  split  up  somewhere  in  the  body,  either  in 
the  intestinal  canal  or  in  the  blood,  almost  for  certain  in  the 
former.  Assuming  that  the  decomposition  occurs  within  the  intes- 
tines, and  some  recent  experiments  of  mine — ^made  in  continua- 
tion of  the  experiments  of  Scries  D.,  and  since  these  were 
published — render  it  almost  a  certainty,  the  base  remains  for  the 
most  part  within  the  canal,  and  is  evacuated  along  with  the 
faeces,  whilst  a  large  proportion  of  the  acid  passes  into  the  blood, 
and  is  excreted  by  the  kidneys. 

A  rSmme  of  these  additional  experiments  to  Series  D.  has  been  pub- 
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lished  in  a  recent  number  of  the  British  Medical  Joumaly^  m'vhich  it  will 
be  observed  that,  by  estimating  both  the  acid  and  the  base  of  the  purga- 
tive salt  recoverable  from  the  intestinal  canal,  I  have  found  that  the 
base  does  not  undergo  the  rapid  absorption  spoken  of  in  the  experi- 
ments of  Series  D.,  in  which  the  acid  of  the  salt  was  alone  estimated. 
In  these  later  experiments  sulphate  of  magnesia,  as  well  as  sulphate  of 
soda,  was  employed,  whereas  in  my  former  experiments  the  latter  salt 
alone  was  used.  With  both  salts  the  results  are  the  same  ;  the  mag- 
nesia, in  the  one  case,  and  the  soda,  in  the  other,  disappears  very  slowly 
from  the  alimentary  canal,  whilst  the  acid  is  rapidly  absorbed,  and  pur- 
sues the  course  already  described  under  Series  D.  This  satisfactorily 
explains  why  the  sulphate  of  magnesia  does  not  produce  the  toxic 
effect  which  was  seen  to  result  from  its  ii\]ection  into  the  blood.  The 
magnesia  never  enters  the  blood  in  a  quantity  su£Qcient  to  permit  of  its 
toxicty  becoming  developed. 

The  results  of  the  present  experiments  are  in  harmony  with 
those  of  the  experiments  I  have  just  alluded  to,  except  that  the 
excessively  rapid  absorption  of  the  acid  which  occurs  soon  after 
the  administration  of  the  salt  leaves  no  trace  in  the  urine  of  its 
having  taken  place  ;  the  elimination  of  the  acid  is  not  greater, 
indeed,  is  even  less,  during  the  first  hour  following  the  ingestion 
of  the  salt  than  it  is  some  hours  afterwards,  when,  according  to 
the  experiments  of  Series  D.,  the  acid  is  retumingy  or  has 
returned,  to  the  alimentary  canal,  and  when,  therefore,  there 
ought  to  be  much  less  of  it  in  the  blood,  if  it  be  the  blood  which 
stores  it  during  its  early  rapid  absorption. 

It  would  be  interesting  to  inquire  in  what  combination  the 
excess  of  sulphuric  acid  appears  in  the  urine.  As  the  acidity  of 
the  urine  is  hardly,  if  at  all,  greater  than  normal,  it  is  not  in  the 
form  of  free  acid.  Most  probably  it  is  as  a  sulphate  of  the  alka- 
line metals,  particularly  of  sodiunL 

The  next,  and  the  concluding,  experiments  of  this  series  were 
made  on  two  convalescent  patients  in  the  Infirmary,  whose  diet 
was  uniform  in  kind  and  quantity  from  day  to  day  throughout 
each  experiment  The  daily  supply  of  liquids  W6ls  also  perfectly 
definite  and  equal.  The  object  of  these  experiments  was  to 
ascertain  the  gross  and  more  extended  effect  of  a  dose  of  a 
purgative  salt  on  the  excretion  of  the  urea  and  chlorides:  in 
the  previous  experiments  the  immediate  and  detailed  effect  of 
the  salt  on  the  excretion  of  these  substances  was  determined. 

^  "  On  the  Absorption  of  Certain  Salts  from  the  Alimentary  Canal,"  No.  1146, 
p.  1204,  Dec  16.  1882. 
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Experiment  CXVIIL—JL  W.,  male,  aet  38.  The  urine  of  the 
twenty-four  hours  was  collected  and  measured  every  morning  at  six, 
and  the  purgative  (20  granunes  of  sulphate  of  magnesia  dissolved  in 
half  a  tumblerful  of  water)  was  administered  at  thafhour  on  the  morn- 
ing of  the  third  day,  or  at  the  commencement  of  the  fourth  period  of 
twenty-fours,  as  represented  in  the  following  table  : — 


Experiment  CXVIIL 

Urine. 

Urea. 

Chlorides,  calculated  as 
NaCL 

Period  of 
34  hoars. 

Total 

Spedflc 

In  ff  cc.  of 

In  total 

In  6  cc.  of 

In  total 

Amount 

Qraylty. 

Urine. 

Urine. 

Urine 

Urine 

cc 

gnna. 

gnns. 

gnns. 

gnns. 

I. 

1426 

1014-2 

0  066 

18  886 

0-045 

12-843 

II. 

1525 

1014-5 

0-066 

20130 

0-046 

14-080 

III. 

1595 
Salt  admlD 

1014-3 
istered. 

0-067 

21-873 

0-042 

13-898 

IV. 

1869 

1015-3 

0-068 

18-618 

0-038 

10-404 

V. 

1788 

1012-8 

0-058 

20-160 

0-089 

13-556 

VI. 

1025 

1014-8 

0064 

13-120 

0-044 

9-020 

Experiment  CXIX, — J.  G.,  male,  aet.  47.   All  the  conditions  of  this 
experiment  were  exactly  the  same  as  in  the  previous  experiment 

Ea^feriment  CXIX. 


Urine. 

Urea. 

Chlorides,  calculated  as 
NaCL 

Period  of 
94  hoars. 

Total 

Spedflc 

In  6  cc  of 

In  total 

In  5  cc  of 

In  total 

Amount. 

Gravity. 

Urine. 

Urine 

Urine 

Urine 

I. 
II. 

cc 
1278 
1267 

gnns. 

gnns. 

gnns. 

gnns. 

1017-9 

0-078 

19-766 

0-060 

12-670 

III. 

1853 
Salt  admin 

1016-8 
istered. 

0-084 

22-764 

0-046 

12196 

IV. 

1458 

1018-0 

0-088 

24-119 

0-037 

10-752 

V. 

1567 

1017-7 

0-087 

27-265 

0-049 

15-366 

VI. 

1839 

1028-7 

0-110 

29-468 

0-071 

19-018 

The  effect  of  the  purgative  on  the  quantity  of  the  urinary 
secretion  is  in  accordance  with  the  conclusions  derived  from  my 
other  experiments.  The  effect  on  the  excretion  of  the  urea  is 
either  nil  or  extremely  small.  The  excretion  of  the  chlorides  is> 
on  the  contrary,  considerably  modified,  being  distinctly  less 
during  the  twenty-fours  following  the  administration  of  the  pur- 
gative.    The  partial  disappearance  of  the  chlorides  is  probably 
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due  to  the  purgative  dejection  carrying  with  it  a  portion  of  the 
chlorides  of  the  body,  delved  from  the  blood  by  means  of  the 
intestinal  secretion  which  the  cathartic  excites. 

The  experiments  of  this  series  are,  as  I  have  already  said, 
fragmentary  and  not  numerous  enough  to  warrant  definite  con- 
clusions, but  they  render  it  highly  probable  that  a  purgative  dose 
of  sulphate  of  soda  or  sulphate  of  magnesia  acts  as  a  diuretic  as 
well  as  a  cathartic,  the  diuretic  effect  being  generally  most  evi- 
dent on  the  day  following  the  administration  of  the  purgative. 
The  action  of  the  salt  on  the  composition  of  the  urine,  as  tested 
by  the  estimation  of  the  urea  and  the  chlorides,  is  apparently  of 
little  moment.  Finally,  as  regards  the  elimination  of  the  salt 
itself  in  the  urine,  some  facts  of  considerable  interest  have  been 
elicited,  which  form  a  material  addition  to  the  results  of  pre- 
vious experiments  (Series  A).  Whether  the  sulphate  of  soda 
exhibits  the  same  inequality  in  the  elimination  of  its  acid  and 
base,  as  the  sulphate  of  magnesia  does,  I  have  not  yet  deter- 
mined. 

( To  he  continued. ) 
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SOME  VARIATIONS  IN  THE  BONES  OF  THE  HUMAN 
CARPUS.    By  Professor  William  Turner,  M.B.,  F.RS. 

No  anatomist  has  done  so  much  to  enlarge  our  knowledge  of 
the  variations  in  the  mode  of  ossification  of  the  carpal  bones  as 
Professor  Wenzel  Gruber,  of  St  Petersburg.  The  unrivalled 
number  of  subjects  at  his  disposal  for  purposes  of  dissection 
provides  him  with  material  for  observation  on  the  variations 
which  arise  in  human  structure,  such  as  falls  to  the  lot  of  no  other 
anatomist  In  the  Archiv  fiir  Anatomie,  in  Virchow's  Archiv, 
in  the  Bvlletin  de  FAcad,  Imp.  de  Si.  Petersbaurg,  and  in  his 
BeobacfUungen,  he  has  recorded  many  examples  of  modifications 
in  the  ossification  of  the  carpus. 

This  subject  has  also  from  time  to  time  attracted  my  attention, 
and  I  have  collected  several  specimens  which  have  occurred  in 
my  dissecting-room.  The  variations  which  I  have  met  with 
illustrate  diminution  in  the  number  of  carpal  bones  through 
coalescence;  increase  in  number  through  duplication  of  the 
normal  bones  of  the  carpus ;  increase  through  separation  of  the 
styloid  process  of  the  third  metacarpal  bone ;  increase  through 
the  occurrence  of  a  bone  which  may  represent  the  os  centrale  in 
the  human  carpus. 

a.  Coalescence  of  Trapezium  and  Scaphoid. 

In  the  left  carpus  of  a  man  one  large  scapho- trapezium  formed 
the  outer  part  of  the  carpua  The  coalescence  was  complete, 
and  as  there  was  no  mark  externally  to  indicate  that  the  bones 
might  once  have  been  separate,  it  is  probable  that  in  the  foetus 
a  single  mass  of  cartilage  had  represented  both  these  elements 
of  the  carpus.  The  ridge  and  groove  on  the  trapezial  element 
were  distinct,  and  a  rough  eminence  marked  the  tuberosity  of 
the  scaphoid.  The  trapezoid  fitted  into  a  deep  hollow  on  the 
inner  surface  of  the  conjoined  bone.  It  articulated  with  the 
tn^ezoid,  the  first  metacarpal,  os  magnum,  semilunar,  and  radius. 
This  carpus  possessed  only  seven  bones. 

b.  Division  of  Semilunar, 

Left  carpus  of  woman.  A  supernumerary  ossicle  obviously 
representing  a  part  of  the  semilunar  was  interposed  between  that 
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bone  and  the  scaphoid.  It  meaeored  0*6  inch  from  dorsal  to 
palmar  surfaces,  04  from  side  to  side,  and  0*3  from  superior  to 
inferior  surface.  It  was  wedge-shaped,  with  the  broad  end 
covered  with  cartilage  at  the  radio-carpal  joint,  and  the  narrow 
end  between  the  semilunar  and  scaphoid,  but  not  recu^hing  the 
08  magnum.  The  surface  articulating  with  the  semilunar  was 
covered  with  cartilage,  whilst  that  in  contact  with  the  scaphoid 
was  smooth  and  ebumated.  The  corresponding  surface  of  the 
scaphoid  and  also  its  radial  surface  were  likewise  smooth  and 
eburnated.    This  carpus  possessed,  therefore,  nine  bones. 

c.  Dwision  of  Trapezoid, 

Right  carpus  of  a  man.  The  trapezoid  was  divided  into  a 
palmar  and  a  dorsal  segment,  and  the  dorsal  part  was  about 
twice  as  large  as  the  palmar.  They  both  articulated  with  the 
second  metacarpal  below;  with  the  scaphoid  above;  with  the 
trapezium  externally;  with  the  os  magnum  internally.  They 
also  articulated  with  each  other.  This  carpus  also  possessed 
nine  bones.  This  variety  is  apparently  rare,  as  Gruber  seems  to 
be  the  only  anatomist  who  had  previously  recorded  examples.^ 

In  these  cases  of  division  of  a  carpal  bone,  there  can,  I  think, 
be  little  doubt  that  each  segment  had  been  represented  originally 
by  a  distinct  cartilage,  and  that  each  of  these  cartilages  had 
ossified  from  an  independent  centre. 

d.  The  Styloid  Process  of  the  Third  Metacarpal  Bone  as  a 
distinct  Ossicle, 

It  is  well  known  that  the  carpal  end  of  the  third  metacarpal 
is  elongated  on  the  radial  side  of  its  dorsal  aspect  into  a  styloid 
process,  which  at  times  is  much  more  strongly  marked  than  at 
others.  The  skeleton  of  a  hand  is  now  lying  before  me,  in  which 
this  process  projects  so  far  into  the  carpus  as  to  cut  off  the  base 
of  the  second  metacarpal  from  articulation  with  the  os  magnum. 

In  May  1869  Professor  Struthers  described  in  this  Journal  * 
an  additional  bone  in  the  second  row  of  the  carpus,  which  is 
apparently  an  example  of  the  styloid  process  forming  a  distinct 
ossicle.     In  the  same  year  Gruber'  recorded  a  case  in  which  the 

1  See  his  suromary  in  Beobcichtungen  aus  der  Mensch  und  Fergleich  AncU. ,  Heft.  i. 
Berlin,  1879. 
«  1869,  voL  ill.  p.  864. 
»  Archiv.f.  Anal.  Pkys.  und  toUa.  Medicin,  1869,  361,  Taf.  x.  B. 
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styloid  process  formed  a  distinct  epiphysis,  not  united  to  the 
end  of  the  third  metacarpal.  Since  then  Gruber  has  described 
several  additional  specimens  both  of  uncoalesced  epiphyses  and 
of  the  styloid  process  forming  a  separate  ossicle. 

In  the  left  hand  of  a  man  I  found,  some  time  ago,  on  the 
dorsal  aspect  of  the  carpus  an  ossicle  situated  immediately  at 
the  radial  side  of  the  third  metacarpal,  with  which  it  articulated 
by  a  smooth  cartilaginous  surface,  and  by  a  well-marked  dorsal 
ligament.  This  ossicle  corresponded  in  position  to  the  styloid 
process.  It  was  wedge-shaped,  and  measured  0*4  inch  from  its 
broad  to  its  narrow  end,  0'3  transversely  at  itd  base,  and  0*45 
from  above  downwards.  It  fitted  between  the  os  magnum  and 
trapezoid,  with  which  it  articulated  laterally  by  smooth  cartila- 
ginous surfaces,  but  it  did  not  reach  the  palmar  surface  of  the 
wrist.  Inferiorly  it  had,  in  addition  to  its  joint  with  the  third 
metacarpal,  a  slight  articulation  with  the  second  metacarpal  It 
is  clear  that  this  ossicle  had  arisen  from  a  centre  of  ossification 
separate  from  the  carpal  end  of  the  metacarpal  bone,  and  had 
remained  quite  distinct.  There  were,  therefore,  nine  bones  in 
this  carpus,  but  the  additional  bone  represented  the  styloid 
portion  of  the  third  metacarpal. 

e.  I  shall  now  proceed  to  describe  three  specimens,  on  the 
exact  nature  of  which  there  is  room  for  a  difference  of  opinion, 
as  one  or  other  might  be  regarded  either  as  being  a  divided 
scaphoid  bone,  or  as  a  scaphoid  bone  along  with  an  os  centrale. 

a.  Left  Carpus  of  an  old  man, — In  the  interval  between  the 
first  and  second  rows  of  carpal  bones  was  an  ossicle  half  an  inch 
in  its  transverse,  by 03  in  its  dorsi-palmar, and  0*2  in  its  supero- 
inferior  diameter.  It  was  visible  on  the  dorsal  surface  of  the 
carpus,  but  not  on  the  palmar,  for  it  lay  between  the  scaphoid, 
OS  magnum,  and  trapezoid,  and  was  concealed  by  them  in  front 
It  articulated  superiorly  with  the  scaphoid,  and  was,  as  it  were, 
fitted  into  a  hollow  in  that  bone,  the  dorsal  outline  of  which  was 
only  complete  when  this  ossicle  was  in  its  place ;  the  surfaces  in 
apposition  were  in  part  smooth  and  cartilaginous,  and  in  part 
slightly  irregular.  Inferiorly  it  had  a  smooth  articulation  with 
a  facet  on  the  trapezoid,  distinct  from  the  facet  on  the  same  bone 
for  the  scaphoid ;  whilst  internally  it  contributed  slightly  to  the 
formation  of  the  boat-shaped  hollow  of  the  scaphoid,  in  which 
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the  head  of  the  os  magnum  is  lodged.  Its  dorsal  surface  was 
attached  to  the  dorsum  of  the  scaphoid  by  a  ligamentous  band. 
The  scaphoid  itself  was  about  the  usual  size,  and  possessed  a 
well-marked  tubercle. 

/8.  Left  Hand  of  a  man. — ^The  scaphoid  was  much  diminished 
in  size,  and  modified  in  shape.  Its  transverse  diameter  was  only 
0'8  inch,  and  its  dorsi-palmar  0*9.  It  was  almost  entirely  con- 
cealed on  the  palmar  aspect  of  the  carpus  between  the  radius 
and  an  additional  bone  to  be  described  immediately ;  it  appeared 
on  the  dorsum  of  the  carpus,  where  it  formed  a  narrow  surface, 
rough  for  the  attachment  of  ligaments ;  it  articulated  with  the 
radius  above,  with  the  semilunar  and  os  magnum  internally,  and 
with  the  additional  bone  below,  its  surface  for  the  last  named 
being  smooth,  cartilaginous,  and  elevated  into  a  ridge,  which 
fitted  into  a  corresponding  hollow  on  the  superior  surface  of  the 
additional  bone.  That  portion  of  a  normal  scaphoid  which  is 
prolonged  into  the  tubercle  was  not  represented  in  this  bona 

The  additional  bone  was  larger  than  the  scaphoid  as  just 
described;  it  was  1*1  inch  in  its  transverse,  the  same  in  its 
greatest  dorsi-palmar  diameter,  and  0*4  in  its  greatest  supero- 
inferior.  It  articulated  with  the  os  magnum  internally ;  with 
the  trapezium  and  trapezoid  below;  principally  with  the 
scaphoid  above,  but  slightly  at  its  inner  border  with  the  semi- 
lunar, and  somewhat  more  at  its  outer  border  with  the  radius, 
which  was  grooved  immediately  internal  to  the  styloid  process 
to  receive  it  As  the  outer  border,  extended  radiad  to  the 
scaphoid,  the  external  lateral  ligaments  of  the  wrist  were 
attached  to  it  The  palmar  surface  was  rough  for  attachment 
of  ligaments,  and  was  not  prolonged  into  a  tubercla  The  dorsal 
surface  was  also  rough,  and  attached  to  it  by  a  ligament  was  an 
irregular  ossicle,  1*3  inch  long  and  0*6  broad,  which  lay  trans- 
versely on  the  back  of  the  carpus,  and  had  probably  been  formed 
by  an  ossification  in  the  dorsal  ligaments. 

7.  Left  Hand  of  a  woman, — The  scaphoid  was  about  one-half 
the  natural  size,  and  represented  in  its  shape  only  the  inner  half 
of  the  bone.  Had  the  radius  been  preserved,  I  have  no  doubt  that 
one  would  have  seen  it  concealed  on  the  palmar  aspect  between 
that  bone  and  an  additional  bone  to  be  described  immediately. 
The  scaphoid  appeared  on  the  dorsum  of  the  carpus,  where  it 
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possessed  a  surface,  broader  than  in  specimen  fi,  for  the  attach- 
ment of  ligaments.  It  articalated  with  the  radius  above ;  with 
the  semilunar  and  os  magnum  internally,  and  with  the  additional 
bone  below,  its  surface  for  the  last  named  being  convex  and 
covered  with  cartilaga  The  part  ot  the  scaphoid  which  is  pro- 
longed into  a  tubercle  was  not  represented  in  this  bona 

The  additional  bone  was  larger  than  the  scaphoid  as  just 
described ;  it  was  0*6  inch  in  its  transverse,  0*7  in  its  greatest 
dorsi-palmar,  and  0*3  in  its  greatest  supero-inferior  diameter.  It 
articulated  with  the  os  magnum  internally  ;  with  the  trapezium 
and  trapezoid  below,  and  with  the  scaphoid  superiorly.  In  the 
absence  of  the  radius,  I  cannot  say  definitely  if  it  had  an  articula- 
tion with  that  bone,  but  I  am  inclined  to  think  that  it  had  not ; 
it  did  not  articulate  with  the  semilunar.  It  appeared  on  the 
palmar,  dorsal,  and  external  surfaces  of  the  carpus,  and  its  surfaces 
there  were  all  rough  for  ligaments.  As  it  extended  radiad  of 
the  scaphoid,  the  external  lateral  ligaments  of  the  joint  were 
attached  to  its  outer  surface.  Its  palmar  surface  was  not 
elongated  into  a  tubercle  like  the  tubercle  of  the  scaphoid. 

Lying  on  the  dorsal  surface  of  the  carpus,  and  connected  by 
ligament  with  the  dorsum  of  this  additional  bone,  was  a  slender 
ossicle  0*6  inch  long ;  to  the  opposite  end  of  this  ossicle  a  more 
minute  nodule  0*2  inch  long  was  attached  by  ligament  They 
had  apparently  been  developed  in  the  dorsal  ligaments  of  the  wrist 

The  additional  bone  in*  a  differs  in  its  shape,  size,  position, 
and  relation  from  the  additional  bones  in  S  and  7.  In  a  it  was 
situated  between  the  first  and  second  rows,  and  articulated  with 
the  scaphoid,  os  magnum,  and  trapezoid,  but  not  with  the 
trapezium.  In  its  position  and  articulations  therefore  it  corre- 
sponded with  the  OS  centrale  in  the  carpus  of  the  Orang,  except 
in  its  want  of  an  articulation  with  the  trapezium.  But  it  was 
very  much  smaller  than  the  Orang's  os  centrale,  which  in  the 
adult  measures  about  0*9  inch  in  its  longest  diameter.  It  had 
the  appearance  of  a  segment  cut  out  of  the  scaphoid,  but  ossified 
independently  of  it ;  but  this  indeed  is  not  unlike  the  aspect  of 
'  the  Orang's  os  centrale,  which  is  received  into  a  hollow  on  the 
inferior  surface  of  the  scaphoid.  There  seems  reason,  therefore, 
to  regard  this  ossicle,  notwithstanding  its  small  size,  as  repre- 
senting an  OS  centrale. 
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In  /8  and  7  the  "  additional  bone  "  although  differing  in  some 
features  of  detail,  yet  obviously  correspond  with  each  other  in 
their  position  and  chief  relations.  The  questions  to  be  considered 
in  r^;ard  to  them  are — ^whether  they  are  to  be  regarded  as  an  os 
centrale  in  each  carpus,  or  as  due  to  a  division  of  the  scaphoid 
into  two  parts.  If  the  latter,  then  the  bone,  which  I  have 
named  scaphoid,  would  correspond  to  that  called  by  Gruber^ 
naviculare  secundarium  ulnare;  whilst  the  additional  bone 
would  be  his  naviculare  secundarium  radiale.  There  is  much  to 
be  said  in  favour  of  this  latter  view.  For  the  bone  described  by 
me  as  the  scaphoid  only  represents  a  portion  of  that  bone,  viz., 
the  part  which  articulates  with  the  semilunar,  i.e,,  the  ulnar 
portion.  Again,  the  "  additional  bone  "  extends  radiad  of  the 
more  internal  element,  forms  a  part  of  the  outer  border  of  the 
wrist,  and  in  one  instance  at  least  articulates  with  the  radius. 
Further,  in  the  carpus  of  an  Orang,  and  in  that  of  a  large  Baboon, 
with  which  I  have  compared  these  specimens,  the  scaphoid 
bone— co-existing  along  with  an  os  centrale — ^possesses  the 
characteristic  shape,  is  not  diminished  in  size  in  its  transverse 
diameter,  and  is  elongated  into  a  well-defined  tubercle  at  the 
outer  part  of  its  palmar  surface.  Hence,  the  co-existence  of  an 
OS  centrale,  along  with  a  scaphoid,  in  these  apes,  does  not  affect 
the  proper  scaphoid  characters;  whereas  in  13  and  7  if  the 
additional  bone  be  an  os  centrale,  then  the  scaphoid  is  reduced 
to  its  inner  or  semilunar  half  only.  On  the  other  hand,  it 
must  be  stated  that  if  the  "  additional  bone "  is  a  naviculare 
secundarium  radiale,  then  it  is  not  shaped  at  all  like  the  outer 
half  of  the  scaphoid  bone.  It  is  larger,  almost  of  equal  diameter 
in  its  transverse  and  dorsi-palmar  diameters,  so  that  it  has  a 
plate-like  character,  and  it  has  no  tubercle  on  the  palmar 
surface. 

>  ArcMvf.  Anal,  und  Phys.,  1866,  §  866 ;  Vtrchow*s  Archiv,,  1877,  Bd.  69. 
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Professor  of  Anatomy ^  University  of  Dublin, 

iRRBGULARiTiBSof  the  renal  arteries  are  the  commonest  varieties  met 
with  among  the  abdominal  vessels  j  indeed,  these  arteries  present  some 
form  of  variation  in  three  cases  out  of  every  seven. 

Leaving  ^  out  of  account  those  varieties  which  are  associated  with 
misplaced  or  horse-shoe  kidneys,  we  may  classify  the  many  forms  of 
anomalous  renal  arteries  as  follows : — 

1.  Varieties  of  Numbers. — The  arteries  may  be — (o)  diminished  in 
number,  and  this  under  two  conditions — (a),  with  absence  of  the  left 
kidney,  as  in  Weissman's  case ;  or  (i),  with  the  origin  of  both  renals 
from  a  common  stem  arising  from  the  front  of  the  aorta,  as  in  Portal's 
well-known  instance.  Very  much  more  commonly  (fi)  the  arteries  are 
increased  in  number. 

Multiple  renal  arteries  may  be  threefold — (a),  most  commonly  the 
additional  branches  spring  from  the  aorta ;  (6),  or  they  may  come  from 
other  sources ;  or  (c)  there  may  be  a  co-existence  of  additional  vessels 
from  both  sourcea 

Of  the  first  class,  there  have  been  described  cases  of — 


one, 

two, 

or 

three 


right  aortic  renals 
associated  with 


one, 
two, 
three 
or 
four 


left  aortic  renals. 


Of  these  twelve  varieties,  I  have  not  found  the  variety  of  two  right 
and  four  left,  and  I  have  seen,  in  addition,  single  instances  of  three 
right  and  five  left,  and  three  right  and  six  left  The  commonest  form, 
next  to  the  normal  condition  of  one  on  each  side,  is  two  on  the  right 
and  one  on  the  left.  The  second  commonest  condition  is  the  reverse ; 
but  among  the  forms  with  larger  numbers  the  greatest  number  is  more 
frequently  seen  on  the  left  than  on  the  right  side.  In  all  these  cases 
one  vessel  arises  in  the  position  of  the  normal  renal ;  a  second  commonly 
springs  from  the  aorta  much  lower  down,  generally  on  the  level  of,  or 
below,  the  inferior  mesenteric ;  the  third,  when  present,  is  a  very  short 
distance  above  the  normal  renal,  very  close  to  the  supra-renal,  and  on 

*  In  cases  like  those  described  by  Hunter  (Med,  Trans,  of  the  London  ColL  of 
PhysieianSf  vol.  ill,  1785,  p.  250)  and  by  John  Reid  {Phys.  Path,  and  AnaL 
JieseareheSf  p.  41 7).  Where  there  were  tuoo  kidneys  on  the  right  and  noTie  on  the 
left,  there  were  two  right  renal  arteries — an  upper  and  a  lower — and  none  on  the 
left  For  other  cases  of  deficient  simple  kidney  see  Professor  Watson's  Pap«r 
{Ed.  Med.  Journal,  1874);  and  several  are  recorded  in  the  Trans,  of  the  Path.  Soc, 
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the  level  of  the  superior  mesenteric  (this  branch  is  not  to  be  confounded 
with  the  form,  to  be  hereafter  noticed,  of  a  renal  branch  from  the 
supra-renal).  These  multiple  branches  have  been  described  by  most 
anatomists,  so  I  need  not  give  references.  Cases  of  five  on  the  right 
are  described  by  Otto  and  Meckel,  and  other  multiple  forms  are 
recorded  by  many  of  the  older  anatomists. 

2.  Varieties  of  Origin. — Additional  renals  often  spring  from  other 
sources,  in  the  following  order  of  frequency :— (a),  the  supra-renal,  a 
very  common  source  of  an  upper  renal  artery  ;  (fi)^  the  second,  or  (y), 
the  third  lumbar  artery ;  (8),  the  right  hepatic ;  (c),  the  colica  dextra ; 
(0,  the  external  iliac  ;  (i/),  the  internal,  or  (0),  the  common  iliac  ;  or 
(i),  from  the  middle  sacnd.  Of  all  but  the  first  I  have  seen  but  single 
instances.  Parallel  cases,  however,  are  quoted  by  Otto,  who  has  seen 
two  instances  of  the  last  form,  where  the  anomalous  branch  went 
respectively  to  the  right  and  to  the  l^t  kidneys.  Otto  also  records  a 
curious  and  unique  example,  in  which  a  branch  from  the  right  common 
iliac  supplied  the  left  kidney. 

The  most  remarkable  instance  of  this  class  of  variety  which  I  have 
noted  is  one  which  I  have  preserved  in  our  University  Anatomical 
Museum,  taken  from  a  male  adult  subject 

In  this  case,  on  the  right  side,  there  are  three  renals,  two  from  the 
aorta — a  normal,  and  an  inferior — and  one  from  the  capsular  artery. 
There  is  no  capsular  branch  of  the  aortic  renal  on  this  side.  On  the 
left  side  there  are  six  renals  from  the  following  varied  sources : — three 
from  the  trunk  of  the  abdominal  aorta,  a  normal,  an  inferior,  and  a 
superior,  which  arises  directly  below  the  left  aortic  supra-renal,  and 
sends  an  inferior  capsular  branch  to  that  organ,  and  enters  the  superior 
extremity  of  the  kidney.  The  normal  renal  bifurcates  before  it  reaches 
the  hilus. 

A  fourth  renal  artery  springs  from  the  front  of  the  aorta,  immediately 
above  its  bifurcation,  and  with  its  origin  a  little  to  the  right  of  the 
middle  line.  If  this  origin  were  a  quarter  of  an  inch  lower  it  would 
bo  comparable  with  Otto's  otherwise  singular  instance  above  quoted. 
The  fifth  renal  arises  from  the  sacra  media,  about  half  an  inch  below 
the  origin  of  that  vessel,  crosses  over  the  left  common  iliac  artery 
nnderlyyig  the  ureter,  and  entering  the  lower  part  of  the  hilus  of  the 
kidney.  The  sixth  and  lowest  branch  arises  from  the  internal  iliac 
artery  immediately  at  its  point  of  division,  ascends,  crosses  the  common 
iliac,  and  pierces  into  the  lower  part  of  the  gland.  This  instance  is 
thus  remarkable  as  combining  in  itself  three  of  the  rarest  forms  of 
anomaly  hitherto  described. 

3.  Anomalies  of  branching  of  the  renals  are  very  common ;  indeed, 
the  number  of  branches  whereby  the  normal  renals  enter  the  substance 
of  the  kidney  is  very  inconstant ;  three  or  four  are  the  commonest 
numbers,  but  I  have  seen  up  to  ten  penetrating  branches.  I  have, 
however,  preserved  no  record  of  the  relative  frequency  of  these.  Otto 
describes  the  renals  in  one  case  as  branching  into  very  many  branches. 
The  other  extreme,  that  is,  the  entrance  of  the  renal  by  a  single  branch 
into  the  glandular  substance,  is  rarer  than  multiple  division. 
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4.  Varieties  of  Entrancp-, — The  places  where  renal  arteries  enter  the 
kidney  vary.  Usually — (a),  all  enter  at  the  hilum ;  (P)y  one  often 
enters  at  the  lower  end,  and  this  in  most  cases  comes  from  the  aorta, 
but  may  be  a  branch  of  the  normal  renal,  once  from  the  lumbar ;  (y), 
one  may  enter  at  the  upper  end,  most  commonly  a  branch  of  the  supra- 
renal, but  which  may  be  from  the  aorta  or  normal  renaL  I  have  seen 
a  vessel  piercing  into  the  front  surface  of  the  gland  from  the  normal 
renal ;  and  in  another  case  a  posterior  branch  passed  under  the  inner 
edge  of  the  gland  and  entered  the  gland  at  the  middle  of  its  posterior 
surface. 

5.  Varieties  of  Didribution  of  Branches. — From  the  renal  there  may 
arise  branches— -(a),  to  the  supra-renal  capsule,  very  common  if  not 
normal ;  (5),  to  the  diaphragm,  once ;  (c),  to  the  right  cms  of  the 
diaphn^  ;  {d),  to  the  right  colon ;  (e),  to  the  pancreas,  deep  surface 
of  the  head ;  (/),  to  the  testis,  supplanting  the  normal  spermatic ; 
{g)j  to  the  right  lobe  of  the  liver.  These  anomalous  branches,  with 
single  examples  of  which  I  have  met,  were  all  on  the  right  side, 
which  is  curious,  as  the  majority  of  the  anomalies  in  Class  No.  2  were 
sinistral 

In  connection  with  these  anomalies,  it  is  interesting  that  in  one  case 
of  Oppolzer's  anomaly,  a  floating  kidney  which  I  dissected,  where  the 
organ  was  almost  entirely  surrounded  with  peritoneum,  the  vessels 
were  normal,  as  in  the  case  described  by  Urag  ( Wiener  Medidnische 
Wochenschrifty  857,  No.  42). 

Multiplication  of  renal  arteries  is  not  surprising  when  we  consider 
the  arrangement  of  these  vessels  in  other  animals  and  their  develop- 
ment. Thus  for  the  elongated  kidneys  in  fishes  the  arteries  are 
numerous,  and  with  a  trace  of  metamerism  in  their  succession.  In 
the  iguana  and  monitor,  among  lizards,  they  are  also  multiple,  as  also 
in  snakes.  The  alligator  and  crocodile  have  three  or  four  on  each 
side.  Most  birds  have  four,  Ave,  or  six  pairs,  of  which  the  three 
uppermost  arise  from  the  aorta,  and  the  two  or  three  lowest  from  the 
ischiatic. 

The  mammalian  kidney  is  the  metanephros,  or  hinder  part  of  the 
primitive  excretory  organ,  and  it  originates  from  a  rounded  mass  of 
mesoblast,  from  the  intermediate  cell  mass  at  that  region  where  the 
dorsal  ou^owth  from  the  Wolfi&an  duct  extends  forward  to  the  tissue 
behind  and  nearer  the  spine  than  the  rest  of  the  nephros.  In  this 
tissue  the  vessels  originate  in  situ  in  the  mesoblast,  close  to  those 
which  supply  the  abdominal  wall  These  vessels,  which  are  thus  close 
together,  separate  at  an  early  period,  though  traces  of  this  primitive 
relation  persist  in  the  extrarperitoneal  anastomoses  of  the  renal  arteries, 
through  their  arterise  adiposse  and  capsular  branches.  We  owe  many 
of  the  anomalies  above  described  to  persistent  accidental  enlargements 
of  some  of  these  vessels. 
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DIVISION  OF  THE  SCAPHOID  BONE  OF  THE  CAKPUS, 
WITH  NOTES  ON  OTHER  VARIETIES  OF  THE  CARPAL 
BONES.  By  R  J.  Anderson,  M.A.,  M.D.,  Demonstrator  of 
AfuUomy,  Queen's  CoUege^  Belfast, 

In  a  carpus  of  the  left  side  of  a  male  subject,  a  division  of  the 
scaphoid  occurs.     The  other  carpal  bones  present  no  unusual  features. 

The  scaphoid  consists  of  two  parts,  an  anterior  and  a  posterior  por- 
tion. The  posterior  part  is  the  larger,  and  has  an  upper  convex  surface 
for  articulation  with  the  radius.  This  surface  is  ebumated  along  the 
inner  half  of  its  extent,  and  the  outer  half  is  rough  and  non-articular ; 
the  whole  surface  measures  one  inch,  and  is  rather  more  than  a  line 
broad  The  inferior  surface  (outer)  articulates  with  the  trapezoid  and 
the  trapezium.  The  outer  end  is  rough  and  non-articular  ;  the  inner 
end  has  a  slight  notch  which  receives  the  semilunar.  The  anterior 
surface  is  concave,  ebumated,  and  has  grooves  from  friction ;  it  is 
broader  externally  than  internally,  and  articulates  with  the  anterior 
portion.  The  internal  surface  (for  os  magnum)  is  narrow,  in  part 
articular  for  the  os  magnum.  The  anterior  segment  is  not  unlike  the 
pisiform  in  shape  and  size.  It  has  an  upper  convex  articular  surface 
for  the  radius  covered  with  cartilage.  A  lower  concave  articular  facet 
which,  with  the  scaphoid,  receives  the  head  of  the  os  magnum.  The 
posterior  surface  is  convex,  ebumated,  and  grooved,  and  articulates 
with  the  posterior  segment  The  inner  end  articulates  with  the  semi- 
lunar. 

The  abnormal  character  of  the  carpus  above  described  resembles 
those  mentioned  by  Gruber  in  his  various  papers,  and  in  position  the 
08  centrale  of  the  typical  carpus.  Professor  Gmber  points  out  in  one 
of  his  papers  1  that  a  small  notch  is  present  in  f  |^ths  of  all  the 
seaphoids,  below  the  ulnar  end  of  its  dorsal  surface.  The  notch  is 
generally  semilunar,  of  variable  size  and  depth.  This  notch  is  some- 
times large,  and  may  receive  a  ninth  carpal  bone,  which  there  lies 
between  tiie  trapezoid,  the  scaphoid,  and  the  os  magnum.  Professor 
Graber  brings  forward  good  reasons  for  believing  this  to  be  the  repre- 
Bentative  of  the  central  bone  of  the  carpu&  Ainongst  other  English 
anatomists  Professor  Struthers  found  a  bone  in  the  situation  mentioned 
by  Graber,  and  described  it  in  the  Journal  of  Anatomy  and  Physiology.^ 
This  anatomist  considers  it  to  be  a  fracture  with  formation  of  a  false 

*  Heichert  and  Du  Bois  Reymond's  Archiv.,  1873,  p.  716. 
'Nov.  1873,  p.  113. 
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joint.  In  Virchow's  Archiv,^  Professor  Graber  discusses  the  question, 
and  points  out  that,  apart  from  the  presence  of  the  small  bones  in  the 
situations  above  mentioned,  there  is  nothing  that  indicates  any  abnor- 
mality due  to  disease  or  injury,  and  states  his  conclusions  thus : — 

(1.)  Fractur  des  Naviculare  Carpi  geht  immer  in  sagittaler,  d.  L 
in  der  die  Langsaxe  des  Knochens  kreuzenden  Bichtung 
und  fast  an  derselben  Stelle  vor  sicL 

(2.)  Totale  Fractur  bestebe  immer  ohne  Dislocation  der  frag- 
mente. 

(3.)  Gelenkknorpel  und  Articulationen  seien  selbst  bei  totaler 
Fractur  so  wenig  in  Mitleidenschaft  gezogen,  dass  Zeicben 
davon  ersteren  in  spaterer  Zeit  an  der  Lisicbe  nicht  mebr 
uachzuweisen  sein. 

Now,  in  tbe  above-mentioned  case,  we  have  evidence  of  pressure 
not  only  between  the  pieces  of  tbe  scapboid  (the  scapboid  and  centrale), 
but  further  evidence  of  pressure  and  friction  at  the  upper  surface  of 
tbe  posterior  bone.  Wbilst  in  tbe  lower  piece  tbe  posterior  surface  is 
ebumated  and  worn  a  groove  by  tbe  rubbing,  wbilst  the  radial  surface 
is  covered  with  normal  cartilage.  If  this  example  be  regarded  as  a 
case  of  tbe  scapboid  and  centrale  being  present,  tben  it  remains  to 
explain  the  cause  of  tbe  ebumation  in  two  distinct  places,  wbilst  all 
the  other  parts  are  free.  On  tbe  other  band,  if  it  be  regi^ed  as  an 
actual  fracture,  it  must  tben  be  concluded  that  fracture  of  the  scapboid 
may  take  place  in  a  direction  parallel  to  its  longitudinal  axis. 

Union  of  tlie  Oa  Magnum  and  Trapezoid, 

Tbe  bones  of  tbe  carpus  of  a  rigbt  upper  extremity  present  generally 
no  unusual  features.  Tbe  os  magnum,  however,  which  has  its  inner 
surface  normal,  and  an  upper  part  or  bead  of  tbe  usual  size  and  shape, 
has  the  piece  of  bone  representing  tbe  trapezoid  attached  to  its  external 
surface.  Posteriorly  the  surface  of  tbe  os  magnum  is  continuous  into 
that  of  the  trapezoid  without  intermission,  but  a  slight  very  superficial 
groove  seems  to  indicate  tbe  line  of  original  separation.  The  upper 
surface  of  the  trapezoid  sbows  tbe  usual  quadrilateral  facet,  and  it  is 
continued  into  tbe  os  magnum  without  any  line  marking  a  division. 
Tbe  inferior  surface  of  tbe  bones  is  articular  for  tbe  second  metatarsal 
and  third ;  posteriorly  there  is  no  line  of  separation,  but  a  fissure  exists 
at  tbe  anterior  part,  which  occupies  the  lower  and  anterior  surfaces. 

Tbis  condition  seems  to  be  rare,  and  tbe  fact  that  no  other  carpal 
bones  are  involved,  leads  to  the  hypothesis  that  the  union  took  place 
at  a  very  early  period,  or  that  the  bones  never  became  completely 
differentiated.  To  find  tbe  scapboid  and  semilunar  united,  we  must 
look  down  low  in  the  mammalian  seriea  In  certain  of  tbe  Rumin- 
antia,  viz.,  in  Pecora  and  Tragulina,  tbe  trapezoid  and  os  magnum 
are  confluent.     In  the  three-toed  sloth  the  same  condition  obtains.^ 

^  Vol  69,  1877,  p.  391.  ^  Flower,  Osteology  of  Mammalia, 
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Coalescence  of  the  Semilunar  and  Cuneiform. 

The  ^)ecimen  wbich  I  have  represents  a  case  of  perfect  union  of  the 
semilonar  and  cuneiform.  The  upper  surface  of  the  former  passes  into 
that  of  the  latter  without  any  interruption,  and  the  large  convex 
quadrilateral  facet  would  seem  to  limit  the  extent  of  the  former  bona 
The  anterior  faces  of  the  bones  are  continuous,  as  also  the  posterior. 
The  bones  can  be  best  limited  on  the  inferior  surface.  From  without 
inwards  first  comes  an  antero-posterior  concave  facet,  then  a  linear 
facet  for  the  unciform  separated  from  the  former  by  a  ridge,  then  a 
groove  succeeded  by  a  double  curved  surface;  This  condition  ap- 
proaches that  of  the  carpus  of  Pteropus,  when  the  bones  of  the  first 
row  are  united.     Wagner  met  with  a  case  similar  to  that  described.^ 


A  FIRST  DORSAL  VERTEBRA,  WITH  A  FORAMEN  AT 
THE  ROOT  OF  THE  TRANSVERSE  PROCESS.  By 
Professor  William  Turner,  M.B.,  F.RS. 

Son  months  ago,  one  of  my  pupils,  Mr.  E.  J.  B.  du  Moulin,  showed 
me  a  spinal  column  which  he  had  purchased  from  M.  Trammond,  of 
Paris,  that  presented  a  remarkable  variation  in  the  first  dorsal  vertebra. 
He  has  very  kindly  handed  the  specimen  over  to  me  for  the  Ana- 
tomical Museum  of  the  University. 

The  first  dorsal  vertebra  had  on  the  left  side  a  foramen  through  the 
root  of  the  transverse  process  sufficiently  large  to  admit  an  ordinary- 
sized  steel  knitting  needle.  The  foramen  was  immediately  anterior  to 
the  articular  process,  and  had  a  vertical  direction.  It  was  situated  in 
the  pedicle  of  the  vertebra,  which  was  widened  antero-posteriorly  to 
accommodate  it.  External  to  the  foramen  the  transverse  process  had 
the  usual  tuberculated  form,  and  possessed  anteriorly  a  smooth  facet 
for  articulation  with  the  tubercle  of  the  rib.  The  head  of  the  first  left 
rib,  and  half  the  head  of  the  second  rib,  articulated  with  the  side  of 
the  body  of  this  vertebra  in  the  usual  way. 

On  the  right  side  a  foramen  had  also  evidently  existed  in  the  recent 
state,  but  in  the  macerated  bone  it  was  only  a  deep  crescentic  notch 
in  the  pedicle.  The  anterior  boundary  was  only  imperfectly  formed 
by  bone,  but  without  doubt  a  fibrous  band  had  been  connected  duriug 
life  to  the  horns  of  the  crescentic  notch,  so  as  to  complete  the  foramen. 
The  first  and  second  right  ribs  articulated  in  the  usual  way  with  the 
right  side  of  this  vertebra.  In  the  absence  of  the  soft  parts  it  is,  of 
course,  impossible  to  say  what  these  foramina  had  transmitted,  but  in 
all  probability  either  a  vein  or  an  artery,  or  perhaps  both. 

^  Hensinger's  Zeittchrifl,  t.  iii.  p.  300. 
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The  other  dorsal  vertebrae  presented  no  special  peculiarities.  The 
seven  cervical  vertebrae  each  possessed  a  foramen  at  the  root  of  the 
transverse  process.  In  the  fif th,  sixth,  and  seventh  on  the  right  side, 
and  in  the  sixth  on  the  left  side,  Uie  vertebrarterial  foramen  was 
divided  into  two  portions  by  a  slender  bar  of  bone. 

The  question  now  arises,  What  is  the  nature  of  this  foramen  in  the 
first  dorsal  vertebra  f  The  vertebrarterial  foramen  in  a  cervical  vertebra 
is  a  hole  situated  between  the  anterior  division  of  the  transverse 
process,  which  is  regarded  as  representing  a  cervical  rib,  and  the 
posterior  division,  which  is  regarded  as  the  proper  transverse  process. 
This  view  of  its  position  is  borne  out  by  what  one  sees  in  specimens 
where  cervical  ribs  are  formed  in  connection  with  the  seventh  cervical 
vertebra.  In  these  cases  the  anterior  division  of  the  transverse  process 
develops  into  a  movable  rib,  and  the  interval,  between  the  neck  of 
that  rib  and  the  proper  transverse  process,  \a  regarded  as  homologous 
with  the  vertebrarterial  foramen,  for  there  is  no  other  aperture  or 
foramen  in  a  vertebra,  so  modified,  which  can  be  considered  as  its 
representative. 

In  the  first  dorsal  vertebra,  now  described,  in  addition  to  the  foramen 
in  the  pedicle,  there  is,  in  the  usual  manner,  an  interval  of  separation 
between  the  neck  of  the  first  rib  and  the  front  of  the  pedicle.  This 
interval  would,  if  a  cervical  rib  had  been  present  in  this  person,  have 
been  in  series  with  the  interval  between  that  rib  and  the  posterior  or 
proper  transverse  process  of  the  seventh  cervical  vertebra,  and  also 
with  the  vertebrarterial  foramina  in  the  higher  cervical  vertebraa.  The 
foramen  in  my  specimen  cannot  therefore,  I  conclude,  be  regarded  as 
homologous  with  the  vertebrarterial  foramen  in  a  cervical  vertebra,  but 
seems  to  be  a  foramen  in  the  pedicle  itself,  and  one,  therefore,  which 
has  arisen  specially  in  this  vertebra  as  a  local  and  individual  peculiarity. 

This  peculiar  condition  of  the  first  dorsal  vertebra  I  have  seen  for 
the  first  time  in  this  specimen.  It  is  obviously  very  rare.  In  the 
elaborate  article  "On  Variations  of  the  Vertebrae  and  Ribs  in  Man," 
published  in  the  Journal  of  Anatomy  and  Physiology  y  November  1874, 
Professor  Stmthers  of  Aberdeen  makes  no  mention  of  this  variation, 
and  I  have  not  observed  any  description  of  it  elsewhere  in  anatomical 
literature. 
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CONTKIBUTION  TO  THE  STUDY  OF  SPINA  BIFIDA, 
ENCEPHALOCELE,  AND  ANENCEPHALUS.  By 
Professor  Cleland,  F.B.S.,  Glasgow.  (Plates  XI.  and 
XII.) 

Notwithstanding  all  that  has  been  written  on  such  malforma- 
tions as  are  included  under  the  terms  spina  bifida,  encephalocele, 
and  anencephalus,  and  the  recognition  in  a  general  way  of  their 
dependence  xm  dropsy,  or  on  deficient  closure  of  the  canal  of  the 
cerebro-spinal  axis  or  its  coverings,  there  yet  remains  room  for  a 
more  detailed  account  of  their  anatomy,  and  a  more  explicit 
comprehension  of  their  nature.  This  impression  is  not  removed 
by  reference  to  the  recently  published  work,  with  Atlas,  compiled 
from  many  writers  by  Ahlfeld,^  nor  even  by  perusal  of  the 
instructive  pages  of  Forster.*  I  therefore  make  no  apology  for 
describing  a  few  specimens  with  more  or  less  full  detail. 

L  Hydrocephalus  and  Spina  Bifida  in  an  infant  bom  at  full 
time. — Skeleton. — The  dried  skull  is  about  5^  inches  long,  4| 
high,  and  3^  broad.  The  parietal  bones  exhibit  deep  notches 
and  circular  perforations  at  the  upper  and  back  parts ;  and  on 
the  upper  border  of  the  right  parietal  some  ossa  triquetra  con- 
vert four  deep  notches  into  foramina.  The  frontal  bones  are 
much  perforated  at  the  lower  parts  of  their  frontal  plates  and 
anterior  parts  of  their  orbital ;  the  orbital  plates  being  com- 
pletely separate,  and  other  smaller  ossifications  intercalated 
between  them  and  the  frontal  plates.  The  foramen  magnum 
and  cervical  vertebrae  are  normal ;  but  from  the  sixth  dorsal 
downwards  the  spinal  canal  is  open,  the  laminse  being  spread 

^  Ahlfeldi  Mis^nldungen  des  Menschent  Leipzig,  1882. 
*  Forster,  MiatHnldungcn  des  Menachen^  Jena,  1861. 
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out  to  tbe  sides  in  the  lower  dorsal  and  the  lumbar  regions ;  each 
lamina  touching  the  lamina  below  it,  and  the  last  dorsal  and 
upper  lumbar  laminae  being  greatly  expanded  (fig.  5).  The  3rd 
and  4th  ribs  of  the  left  side  are  fused  in  the  whole  extent  of  their 
heads  and  necks  and  for  a  quarter  of  an  inch  further  forwards; 
aod  the  corresponding  vertebral  laminae  are  likewise  fused, 
leaving  only  a  perforation  between  their  united  transverse  pro- 
C38ses.  Also,  the  body  of  the  4th  dorsal  vertebra  presents  in 
front  the  appearance  of  two  centres  of  ossification,  the  left  one 
the  larger.  The  left  laminae  of  the  upper  six  dorsal  vertebrae 
are  more  expanded  than  in  the  normal  foetus,  and  than  the 
corresponding  structures  on  the  right  side,  and  the  first  of  them 
seems  to  be  supplemented  by  an  additional  centre  of  ossification 
projecting  behind  and  below  it.  On  the  right  side  the  laminae 
of  the  3rd  and  4th  dorsal  vertebras  are  normal ;  but  an  addi- 
tional lamina  without  pedicle  or  transverse  process  is  inter- 
calated between  the  2nd  and  3rd.  In  the  sacral  region,  only 
the  2nd  and  3rd  laminae  turn  inwards  towards  the  middle 
line,  and  they  are  expanded.  Integument, — In  the  first  place 
may  be  mentioned  a  post-anal  dimple  bound  down  to  the  tip  of 
the  coccyx.  In  the  middle  third,  between  this  and  the  head, 
is  an  oval  space  with  a  smooth  thin  covering,  different  from 
the  surrounding  integument,  and  presenting  the  well-known 
character  of  spina  bifida,  while  at  the  upper  end  of  this  oval 
space  or  membranous  area  a  minute  aperture  can  be  detected 
Cerebrospinal  axis. — For  purposes  of  exhibition,  the  spinal  cord 
was  divided  IJ  inches  below  the  pons  Varolii,  and  the  lower 
part  was  removed  in  connection  with  the  integument  of  the  back, 
while  the  upper  part  was  kept  in  connection  with  the  en- 
cephalon.  The  corpus  callosum  and  fornix  had  been  destroyed 
by  the  distending  effusion,  while  the  hemispheres  were  in  a  state 
unfit  for  preservation.  The  optic  thalami  and  corpora  striata  were 
norma],  but  the  corpora  quadrigemina  were  curiously  altered  in 
shape,  the  testes  being  projected  above  the  nates,  and  the  natea 
being  flattened,  probably  by  the  pressure  of  the  distended  hemi- 
spheres. The  cerebellum  has  its  two  lateral  lobes  completely 
separated  by  the  vallecula;  and  in  it  the  inferior  vermiform 
process  extends  up  so  far,  that  what  appears  to  be  the  pyramid 
touches  the  corpora  quadrigemina,  while  the  uvula  looks  back- 
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wards^  and  the  laminated  tubercle  bangs  down  from  an  exag- 
gerated velum  posticum,  as  an  appendix  f-incb  in  lengtb  lying  in 
the  prolonged  4tb  ventricle  (fig.  6).  The  4th  ventricle  extends  to 
half  an  inch  above  where  the  spinal  cord  has  been  divided,  and 
there  presents  an  apparently  imperforate  depression  at  the  end 
of  the  central  canal  of  the  spinal  cord.  But  at  the  place  where 
cut  across,  the  central  canal  was  dilated  so  much  that  it  would 
admit  a  probe,  and  was  traced  up  to  within  a  quarter  of  an  inch 
from  the  depression  in  the  4th  ventricle.  Turning  now  to  the 
specimen  prepared  to  show  the  remainder  of  the  spinal  cord  and 
Us  connection  with  the  integuments,  we  find  that  the  perforation 
seen  at  the  upper  end  of  the  superficial  oval  space  is  continued 
up  into  a  dilated  central  canal,  and  that  the  cord  terminates 
abruptly  here.  But  division  of  the  dura  mater  down  the  middle 
line  in  front  of  the  cord  has  brought  into  view  the  continuation 
of  the  arachnoid  space  down  to  the  lower  end  of  the  sacral  canal, 
and  the  nerves  on  each  side  given  off  in  order,  and  clothed  with 
arachnoid.  Each  is  provided  with  its  ganglion  outside  the 
dura  mater,  and  appears  quite  normal.  Each  root  is  traceable 
upwards  and  inwards,  the  anterior  roots  to  near  the  middle  line, 
and  the  posterior  roots  to  a  line  on  each  side;  and  both  are 
firmly  connected  with  the  superficial  membrane.  By  dividing 
the  posterior  part  of  the  dura  muter  on  each  side,  behind  the 
^neigence  of  the  nerves,  what  may  be  termed  the  posterior  sac 
of  the  arachnoid  is  seen  to  bifurcate  inferiorly  opposite  the 
termination  of  the  cord.  By  slitting  up  the  arachnoid  in  front, 
a  large  subarachnoid  space  has  been  brought  into  view,  and  a 
large  anterior  spinal  artery,  extending  down  at  least  as  far  as  the 
middle  of  the  superficial  membrane  of  the  spina  bifida  to  the 
level  where  the  2nd  sacral  nerves  take  origin.  A  delicate  layer 
of  the  superficial  membrane  has  crumbled  away  in  the  manipu- 
latioDS  to  which  the  specimen  has  been  subjected,  and  was  no 
doabt  the  continuation  of  the  grey  matter  of  the  cord,  or  the 
epithelium  lining  the  central  canal.  The  tougher  layer  on 
which  this  has  rested  is  to  be  regarded  as  the  representative  of 
the  pia  mater  and  reticulum. 
IL  Cervical  Spina  Bifda} — The  face  and  scalp  are  like  those  of 

*  Presented  by  Dr.  Murdoch  Cameron,  to  whose  kindness  I  am  also  indebted 
lor  others  of  the  specimens  described. 
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an  infant  at  full  time ;  but,  judging  from  examination  of  the  skull 
and  from  the  limbs,  I  should  think  it  is  only  an  eight  months* 
foetus.  It  is  female  ;  the  back  is  short,  the  hairy  scalp  reacliing  to 
within  3  inches  of  the  nates.  A  large  fluctuating  tumour  was 
felt  extending  over  the  sides  and  back  of  the  head,  and  down  the 
back.  The  swelling  came  forwards  to  the  ears,  which  are  much 
misshapen,  apparently  in  consequence  of  pressura  On  cutting 
open  the  tumour,  a  larger  mesial  cyst  was  found,  with  an  elon- 
gation of  the  4th  ventricle  of  the  brain  lying  in  the  bottom  of 
it.  At  the  sides,  some  minor  collections  of  fluid  were  separated 
by  thin  partitions  from  the  main  cavity.  Skeleton. — The  skull 
does  not  difler  from  a  normal  eight  months'  skull,  except  that 
the  parietal  and  occipital  regions  are  less  developed,  giving  the 
shape  normal  at  an  earlier  period.  The  palate  is  cleft,  but 
the  intermaxillaries  fully  developed.  The  twelve  pairs  of  ribs 
are  all  present,  the  first  pair  having  normal  sternal  attach- 
ments. The  ribs  are  crowded  together,  elongated  forwards,  and 
bent  inwards,  so  as  to  compress  the  thorax  laterally.  There  are  six 
lumbar  vertebrae  of  normal  appearance,  and  only  six  cervical 
vertebrae.  The  dorsal  and  cervical  vertebrae  are  much  altered ; 
those  to  which  the  five  lower  pairs  of  ribs  are  attached  have  the 
laminae  directed  outwards  and  expanded,  with  the  centrum  not 
deviating  from  the  normal  save  in  being  broader;  while  the 
vertebrae  above  these  have  not  only  their  laminae  directed  trans- 
versely outwards,  but  a  mesial  gap  completely  separating  the 
right  and  left  moieties  of  their  bodies ;  and  this  gap  extends  into 
the  upper  part  of  the  neck  (fig.  2).  The  cervical  vertebrae  are 
greatly  shortened  and  altered.  The  body  of  the  axis  is  in  two 
lateral  parts,  while  no  separate  ossification  seems  to  exist  for  the 
odontoid  process.  Below  this,  on  each  side,  is  a  series  of  three 
half  centra  becoming  fused  together ;  then  follows  on  the  left 
side  a  block  of  six  such,  and  on  the  right  side  blocks  of  two  and 
four  in  succession,  all  much  crowded  together.  The  right  laminae 
of  the  2nd,  3rd,  4th,and  5th  cervical  vertebrae  are  united  externally 
into  one  lateral  projection,  and  similarly  the  3rd,  4th  and  5th 
of  the  left  side  are  united.  Cerebro-spiTial  axis. — The  cerebrum 
and  cerebellum  appeared  normal ;  but  the  distance  from  the 
under  surface  of  the  cerebellum  to  the  extremity  of  the  spinal 
cord  is  only  2\  inches,  of  which  \\;  inch  is  open  behind,  so  as 
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to  form  an  elongation  of  the  floor  of  the  4th  ventricle.  In 
the  middle  of  this  there  is  a  transverse  fold  or  pucker  forwards 
corresponding  in  position  with  the  mesial  fissure  seen  in  the 
cervical  part  of  the  column,  and  from  this  part  nerves  come  oflf 
very  crowdedly  (fig.  7). 

in.  OccipUdl  Encephdocde, — This  specimen  is  of  a  kind  well 
known  in  its  general  characters,  having  the  greater  part  of  the 
brain  projecting  behind  the  skull  in  the  form  of  a  chignon.  It 
was  named  by  the  elder  Geoffroy  Saint-Hilaire  "  Notencephale," 
and  the  skull  was  carefully  figured  by  him.^  Eising  upwards 
and  backwards  from  the  head  is  an  enormous  tumour  formed  by 
the  brain ;  it  is  of  such  size  that  it  measures  about  5  inches  across 
and  nearly  d  inches  from  its  uppermost  part  to  the  chin.  Brain 
(fig.  1). — Only  the  foremost  part  of  each  hemisphere,  a  portion  of 
the  size  of  a  small  walnut,  was  within  the  cranium,  while  the 
rest  projected  behind ;  the  hemispheres  being  constricted  slightly 
opposite  the  enlarged  foramen  magnum,  which  formed  a  circle 
1 J  inch  in  diameter.  In  front  of  each  hemisphere,  occupying  the 
very  foremost  part  of  the  cranial  cavity,  was  a  little  cyst  about 
§-iDch  diameter,  with  thin  walls,  which  were  torn  into  on  re- 
moving the  brain.  These  were  probably  dropsical  olfactory 
bulbs.  The  interior  of  the  hemispheres  was  in  a  condition  unfit 
for  dissection,  but  the  surface  was  copiously  convoluted.  Their 
united  mass  exhibited  a  bilobate  form  due  to  the  greater  resist- 
ance oflTered  by  the  falx  cerebri  than  by  the  lateral  parts  of  the 
dura  mater  to  their  expansion  backwards.  The  positions  of  the 
origins  of  the  5th  and  8th  nerves  were  so  far  displaced  back- 
wards that  these  nerves  ran  a  course  of  nearly  three  inches 
forwards  before  piercing  the  dura  mater.  The  cervical  nerves 
are  all  crowded  together  like  the  corresponding  vertebrae,  and 
the  part  of  the  cord  from  which  they  spring  has  maintained  its 
position  within  the  spinal  canal,  while  the  medulla  oblongata  has 
been  so  pulled  backwards  by  the  displacement  of  the  cerebrum 
that  it  is  quite  unrecognisable ;  only,  it  appears  from  the  relative 
positions  of  the  5th  and  8th  nerves  that  the  upper  part  of 
the  pons  Varolii  has  been  the  portion  of  the  base  of  the  brain 
most  thrown  backwards,  and  that  the  part   of  the  medulla 

1  Mimoires  de  VAcadimie  des  Sciences,  M^moire  In  en  Octobre  1820 ;  and 
repeated  in  the  Philosophic  Anatatnique. 
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between  the  8th  cranial  and  the  Ist  cervical  is  the  part 
stretched.  In  front  of  this  stretched  part  lies  an  elongated 
basilar  artery.  The  cerebellum  is  barely  recognisable  in  two 
lateral  parts  sundered  one  from  the  other,  much  compressed,  and 
carried  backwards  beneath  the  hemispheres.  Projecting  for- 
wards in  the  middle  line  between  the  elongated  nerves,  and 
arising  from  the  part  of  the  base  driven  farthest  back,  is  a  hollow 
pouch  about  2  inches  long  and  |-inch  broad,  with  tolerably 
tenacious  walls,  like  the  finger  of  a  glove.  This  is  the  infundi- 
bulum  and  lamina  cinerea,  and  possibly  includes  the  cerebral 
part  of  the  pituitary  body.  At  the  tip  of  this  pouch,  in  front, 
one  can  recognise  stretched  remains  of  the  optic  nerves  and 
some  slight  vestige  of  optic  commissure.  Skeleton, — ^The  highest 
vertebra  with  laminae  united  is  the  2nd  dorsal  The  neck  is 
short,  and  the  bodies  of  the  cervical  vertebrae  show  evidence 
posteriorly  of  having  been  each  ossified  from  twin  centres.  Their 
laminae  remain  wide  apart  from  the  middle  line,  and  on  the  right 
side  those  of  the  2nd  and  3rd  are  completely  fused  behind  th'eir 
transverse  processes,  as  also  are  those  of  the  4th,  5th,  and  6th ; 
while,  on  the  left  side,  those  of  the  2nd,  3rd,  and  4th  are  similarly 
fused,  and  those  of  the  5th  and  6th.  The  base  of  the  skull,  as 
seen  from  within,  has  the  petrous  bones  so  bent  downwards  that 
their  upper  borders  enclose  between  them  superiorly  an  angle  of 
220"" ;  and  it  is  so  curved  mesially  that  the  clivus  is  at  right 
angles  to  the  united  bases  of  the  orbital  wings  of  the  sphenoid. 
The  frontals  are  flat  above,  with  their  frontal  plates  pressed  into 
contact  with  their  orbital  plates,  and  prolonged  only  a  ^-inch 
farther  back.  On  the  right  side  the  parietal  is  represented  by 
two  bones,  an  anterior  of  small  dimensions  articulating  with  the 
frontal  and  squamous,  and  a  posterior  much  larger  quadrate  bone 
articulating  with  the  mastoid  and  occipital,  and  with  nearly  the 
whole  length  of  the  left  parietal  On  the  left  side  two  corre- 
sponding elements  can  be  distinguished,  but  are  anchylosed.  The 
supra-occipital  bounds  the  enlarged  foramen  magnum  in  its 
dorsal  moiety,  and  is  only  about  ^-inch  broad  in  the  middle  line, 
but  is  thick  and  strong.  The  palate  is  cleft  in  its  whole  length 
save  in  the  intermaxillary  part ;  and  the  vomer  articulates  with 
a  pair  of  enlarged  mesial  palatine  processes  of  the  inter- 
maxillaries  similar  to  those  found  in  many  mammals  (fig.  3). 
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IV.  Occipital  Uncephalocele,  Open  Spina  Bifida^  and  Displace- 
meni  of  Viscera. — This  specimen  is  a  female  toetus  of  five  months, 
with  a  large  and  solid  cerebral  chignon  of  the  size  of  the  rest  of  the 
head ;  and  beneath  this  the  spinal  canal  open  in  its  whole  length. 
Skeleton. — The  skull  ^  differs  from  that  of  the  encephalocele 
already  described,  in  that  the  two  lateral  divisions  of  the 
occipital  bone  fail  to  meet  in  the  middle  line  behind  the 
parietals;  but  the  vault  is  collapsed  in  the  same  fashion. 
Beneath  the  skull  behind  there  is  a  deep  recess,  in  which  the 
membranes  of  Uie  cord  were  carried  forwards ;  and  in  dissecting 
them  out  they  were  found  to  cohere  to  viscera  in  front  of  the 
vertebral  column  through  a  mesial  gap.  This  gap  when  dis- 
played is  of  such  size  that  the  tip  of  a  little  finger  might  be 
forced  through  it,  but  when  undisturbed  has  little  vertical 
height;  and  it  is  bounded  by  a  continuous  ring  of  cartilage, 
which  above  is  in  continuity  with  the  occipital  bone,  and  at 
the  sides  consists  of  the  centres  of  the  cervical  and  upper  six 
dorsal  vertebrsB  divided  and  crushed  together ;  while  inferiorly 
the  remainder  of  the  column  is  continued  straight  down,  the 
laminse  of  the  six  lower  dorsal  vertebrae  and  the  five  lumbar 
being  expanded  out  laterally.  The  scapulse  are  crowded  up  into 
close  contact  with  the  skull,  but  all  the  five  trunks  of  the  brachial 
plexus  emerge  normally  from  the  altered  column.  Cerebro- 
spinal  axis. — The  disposition  of  parts,  so  far  as  examined  in  the 
region  of  the  spinal  cord,  agreed  with  that  found  in  other  cases 
of  open  spina  bifida,  e.g.j  I.  and  YI.  A  broad  membranous 
area  extends  down  the  back,  but  the  integument  is  complete 
over  the  sacrum.  This  membranous  area  is  continued  up 
beneath  the  tumour  representing  the  brain,  and  the  smooth 
aurface  is  continued  over  that  tumour  as  in  cases  of  more  com- 
plete anencephalus ;  but  the  membrane  covering  the  tumour  is 
tough,  firm,  and  fibrous,  though  dark  and  smooth  and  unlike  true 
skin.  It  exhibits  a  small  perforation  on  its  upper  part.  On 
raising  the  coUapsed  roof  of  the  skull,  there  were  first  seen  two 
hollow  sacs,  placed  symmetrically,  with  little  cerebral  substance  in 
their  walls ;  and  between  and  beneath  these  was  found  a  larger 
and  more  thinly  walled  pouch  projecting  forwards  mesially  from 

*  Similar  to  that  figured  by  Isidore  Geoflfroy  St.  Hilaire,  Hutoirt  dea  Anomalies, 
pL  viii  fig.  5. 
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the  brain  behind.  The  lateral  pouches,  probably  olfactory  bulbs, 
showed  considerable  dimensions  when  floated  out  in  spirit,  and 
the  mesial  pouch  likewise  was  then  seen  to  have  a  considerable 
cavity.  Its  membranous  wall  was  so  thin  that  it  was  much 
damaged  in  the  removal,  but  the  pituitary  body  adherent  to  it 
shows  it  to  be  the  infundibulum.  'A  delicate  membrane  also 
floats  loosely  in  the  angle  beneath  the  tumour,  in  the  position 
for  the  4th  ventricla  Thus  there  would  appear  to  have  been 
considerable  efifusion.  Elongated  fifth  and  other  cranial  nerves 
could  be  made  out  as  in  specimen  III.  Within  the  fibrous  cover- 
ing of  the  tumour,  a  very  definite  brain-structure  is  found.  Two 
hemispheres  project  backwards  and  form  its  upper  half,  but,  so  far 
as  exhibited,  are  solid ;  they  are  slender  and  become  sharp-edged 
posteriorly  (fig.  8).  They  overlie  two  lateral  masses  with  smooth 
upper  surfaces,  which  manifestly  consist  in  greater  part  of  optic 
thalami,  though  it  might  be  diflicult  to  decide  how  far  corpora 
quadrigemina  and  other  parts  enter  into  their  composition. 
Between  these  bodies  a  groove  is  continued  down  into  the  mesial 
hoUow  sac  already  described  as  lying  on  the  base  of  the  skull,  so 
that  the  sac  in  question  is  manifestly  an  expanded  infundibulum, 
like  that  of  specimen  IIL  Lifted  up  with  the  part  of  the  brain 
raised  by  the  section  made,  is  seen  a  structure  descending 
between  the  hemispheres,  manifestly  consisting  of  falx  cerebri 
and  other  mesial  structures.  Viscera. — ^The  adhesion  of  the 
dura  mater  in  the  neck  to  some  viscus  suggested  the  pro- 
priety of  opening  the  visceral  cavity  (fig.  4).  Beneath  the  Uver 
in  the  abdomen  are  seen  the  two  kidneys,  and  in  the  middle  a 
slightly  convoluted  intestine  continued  up  from  the  rectum,  but 
neither  stomach,  spleen,  small  intestine,  nor  caecum.  From  the 
umbilicus  to  the  site  beneath  the  liver  where  the  intestines  be- 
come invisible,  extends,  passing  on  the  left  side  of  the  intestine,  a 
long  slender  cord,  one  of  the  cords  described  by  Allen  ^  and 
recognised  by  him  as  vestiges  of  the  omphalo-mesenteric  vessels, 
remaining  till  after  birth  in  various  animals,  but  not  found  by 
him  in  the  human  subject  at  a  period  later  than  when  the  trunk 
from  vertex  to  coccyx  was  3  inches  long.  On  laying  open 
the  thorax  and  neck,  a  tumour  was  found  in  the  posterior 
mediastinum.     It  was  cut  into  from  the  right  pleura,  and  found 

*  Jour,  o/AruU.  and  Phys.,  xvii.  p.  59. 
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to  contain  a  prolongation  from  the  peritoneum ;  and,  covered  by 
this,  was  laid  bare  the  stomach  which  extended  from  the  level 
of  the  lower  bodies  of  the  larynx  down  to  the  diaphragm,  with 
the  lesser  curvature  turned  to  the  right  and  backwards.  To  the 
upper  part  of  the  lesser  curvature  is  attached  some  tissue,  which 
is  that  which  has  been  adherent  through  the  gap  in  the  vertebral 
column  to  the  dura  mater,  and  appears  to  be.  connected  with 
the  pancreas.  From  the  greater  curve  of  the  stomach,  turned 
to  the  left,  a  .peritoneal  covering  extended  over  a  mass  of 
intestines ;  and  having  divided  this,  I  find  that  it  is  the  great 
omentum  carried  over  the  intestines  so  as  to  enclose  them  in  a 
manner  similar  to  that  described  by  me  as  occurring  in  an 
anomalous  instance  many  years  ago.'  The  neck  of  the  en- 
closuig  hood  formed  by  the  great  omentum  is,  as  in  that  instance, 
quite  a  narrow  opening.  It  is  situated  at  the  pyloric  end  of 
the  stomach,  immediately  above  the  opening  between  the  crura 
of  the  diaphragm,  by  means  of  which  the  intestines  have  been 
drawn  up  into  the  thorax.  The  portal  fissure  is,  as  it  vrere, 
pulled  back  to  the  posterior  wall  of  the  abdomen  by  the  connec- 
tion of  the  bile  duct  with  the  intestine  just  beyond  the  pylorus ; 
and  consequently  the  lobulus  Spigelii  is  drawn  upwards  so  as 
to  be,  visible  from  the  thorax.  The  spleen  is  in  its  proper 
relation  to  the  stomach,  namely,  at  its  cardiac  end,  which  is 
situated  in  the  neck  The  coeliac  axis  and  superior  mesenteric 
artery  are  both  given  ofiF  in  the  thorax ;  the  inferior  mesenteric 
and  the  renal  arteries  arise  in  the  normal  manner.  The  omphalo- 
mesenteric cord  passes  up  into  the  thorax,  and  ends  in  the 
mesenteric  vein. 

V.  EncepJudoceU,  Spina  Bifida^  and  Anencephalic  Skull, — This 
is  a  female  foetus  of  six  months.  I  need  only  mention  the 
points  which  give  it  interest  in  connection  with  the  other 
specimens.  The  back  is  much  shortened,  the  whole  of  the  dorsal 
as  well  as  cervical  vertebrae  being  involved  in  the  part  drawn  up 
into  a  deep  concavity  below  the  skulL  The  membranous  area 
over  the  open  spina  bifida  extending  to  the  base  of  the  sacrum, 
has  a  quantity  of  vascular  tissue  in  it,  friable  and  difiBcult  to 
dissect  Overhanging  it  is  a  large  cerebral  tumour,  about  the 
size  of  the  rest  of  the  head,  and  covered  with  tough  smooth 

*  Jour,  of  Anal,  and  Phya.,  May  1868. 
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covering  like  that  described  in  specimen  IV.  On  lifting  this 
tumour  by  dividing  the  integuments  in  front  of  it,  elongated 
fifth  and  other  nerves  were  brought  into  view,  and  a  mesial 
hollow  structure,  but  no  roof  bones,  the  base  of  the  skull  being 
that  of  a  typical  anencephalus.  On  cutting  open  the  tumour,  it 
was  found  impossible  distinctly  to  recognise  any  of  the  normal 
parts  of  the  brain ;  but  there  was  abundance  of  cerebral  substance 
thrown  into  irregularities  round  a  hollow  prolonged  forwards  to 
the  base  of  the  skull,  and  attached  in  the  sphenoidal  region. 

VI.  Anencephcdvs  with  Open  Spina  Bifiday  and  Small  Cerebral 
Tumour, — This  is  a  female  foetus  of  more  than  six  montba 
It  measures  7  inches  from  the  upper  end  of  the  anencephalic 
membranous  area  of  the  head,  down  the  back  to  the  anus ;  and 
of  this  5  inches  are  open  cerebro-spinal  axis,  leaving  2  inches  of 
sound  skin  between  that  and  the  anus.  Half  an  inch  above  the 
anus  is  a  post-anal  dimple  connected  with  the  tip  of  the  coccyx. 
On  the  fore  half  of  the  cephalic  area  is  a  hollow  tumour  the 
size  of  a  cherry,  with  an  opening  a  fifth  of  an  inch  in  diameter 
at  its  back  part.  It  is  hollow,  lined  with  a  fine  smooth  surface 
thrown  over  a  number  of  ridges  and  corrugations  and  prooesses 
of  a  soft  substance  evidently  cerebral.  The  membranous  cover- 
ing of  this  tumour  is  thicker  and  whiter  than  that  belonging  to 
the  spinal  area.  Behind  the  head  the  membranous  area  is 
bound  firmly  down  by  dense  tissue,  which  has  fitted  into  a  de- 
pression behind  the  head,  in  which  are  involved  some  of  the 
bodies  of  the  upper  dorsal  vertebrae,  while  the  cervical  bodies 
are  unrecognisable.  The  1st  and  2nd  ribs  are  close  up  to  the 
skull,  and  the  angle  of  the  scapula  is  crowded  in  between  the 
skull  and  them.  After  dissecting  off  the  integuments  of  the  back 
along  with  the  membranous  cerebro-spinal  area,  the  spinal 
ganglia  of  the  dorsal  and  following  nerves  could  be  se^i  in  two 
TOWS  on  the  deep  side  of  the  parts  removed ;  and,  cutting  down 
in  the  middle  line  between  the  spinal  nerves,  a  continuous 
arachnoid  sac  was  laid  open  in  front  of  the  anterior  roots,  which 
were  seen  arising  near  the  middle  line  from  the  superficial  mem- 
brane (fig.  9).  Those,  however,  above  the  middle  of  the  dorsal 
region  could  not  be  made  out.  The  posterior  roots  of  the  spinal 
nerves  come  off  in  rows  about  a  fifth  of  an  inch  from  the  middle 
line.    But  above  the  middle  of  the  dorsal  region  these  also  are 
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absent,  tboagh  the  spinal  ganglia  can  be  made  out  The 
arachnoid  sac  between  the  anterior  roots  is  wide  above;  and, 
inserting  the  scissors  external  to  the  row  of  ganglia,  I  have  on 
each  side  followed  down  a  sac  which  corresponds  with  one-half 
of  the  part  of  the  arachnoid  space  which  normally  lies  behind 
the  ligamenta  denticulata.  It  is  separated  from  the  anterior  sac, 
partly,  as  is  usual,  by  the  ligamentum  denticulatum,  and  partly  by 
an  uninterrupted  fold  continued  down  over  the  roots  of  nerves. 
Superiorly,  the  arachnoid  sac  is  traced  up  on  each  side  of  the 
dense  tissue  filling  the  hollow  beneath  the  back  of  the  head,  and 
each  half  unites  with  its  fellow  on  the  base  of  the  skulL  Here 
also  can  be  made  out  a  basilar  artery  formed  from  two  veitebrals 
and  dividing  into  two  posterior  cerebrals,  and,  on  each  side,  an 
origin  of  the  fifth  nerve;  but  other  details  I  am  unable  to 
identify.  Descending  from  the  dense  tissue  at  the  infracephalic 
depression,  is  a  pyramidal  thickening  of  about  an  inch  in  length, 
whence  proceeds  downwards  a  mesial  cord,  which  may  be  the 
anterior  spinal  artery,  but  it  is  not  injected.  On  each  side  of 
this  a  finer  line  descends,  which  is  probably  the  white  band 
normally  found  in  the  ligamentum  denticulatum. 

VIL  Another  Aneneephalics  vnth  Open  Spina  Bifida, — This 
specimen  is  a  male  aboat  the  same  age  as  the  last.  Like  it,  it 
shows  arachnoid  sacs  disposed  between  and  beyond  the  roots  of 
the  spinal  nerves.  In  this  instance  small  lateral  vascular 
masses  are  the  only  elevations  on  the  base  of  the  skull ;  but  the 
arachnoid  is  traced  forwards  to  the  front  of  the  cephalic  part  of 
the  membranous  area.  The  cervical  vertebrse  can  be  made  out, 
although  all  fused  together ;  and  the  cervical  and  upper  dorsal 
nerves  arise  superficially  as  much  as  an  inch  below  their  emerg- 
ence, that  is  to  say,  their  origins  from  the  membranous  repre- 
sentative of  the  cord  are  situated  towards  the  middle  of  the 
dorsal  region,  and  in  their  course  to  their  places  of  emergence 
they  form  a  sort  of  cauda  equina  directed  upwards. 

VIII.  Anencephalus  with  Foramen  Magnum  completed. — This 
is  a  fully  developed  female  infant,  with  the  neck  and  back 
normal,  and  a  spongy  mass  occupying  the  membranous  area  over 
the  head.  On  proceeding  to  remove  this  mass  along  with  the 
skin  round  about  from  the  skull,  it  was  found  that  the  occipital 
bone  completed  an  arch  over  the  foramen  mngnum,  although 
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the  two  lateral  parts  which  did  so  were  yet  unanchylosed  in  the 
middle  line  above.  A  mesial  incision  was  made,  and  these  two 
lateral  parts  prised  asunder  in  order  to  remove  the  protected 
cranial  contents  along  with  the  exposed  spongy  mass.  The  skull 
presents  characters  approaching  those  figured  under  the  name  of 
"podencephalus"  by  Geoffroy  St  Hilaire  in  plate  vi  of  the  2nd 
volume  of  his  PhUosophie  AncUomiqtce,  but  diflfers  from  it,  and 
much  more  from  the  podencephalus  figured  in  plate  IL,  in  having 
the  occipital  less  complete  and  the  base  more  exposed. 

The  spongy  mass  removed  with  the  integument  was  found  to 
be  surrounded  with  a  capsule  of  dura  mater,  and  this  being 
opened  exhibited  a  falx  well  developed  in  front  and  coming  to  a 
point  behind,  while  on  each  side,  placed  symmetrically,  was 
brought  into  view  an  elongated  vesicle  stretching  by  the  side  of 
the  falx,  and  another  extending  outwards  from  its  fore  part 
These  vesicles  were  embedded  in  dense  connective  tissue  lami- 
nated and  vascular,  an  obvious  development  of  pia  mater,  and 
on  being  opened  were  found  to  be  entirely  devoid  of  nervous 
substance.  From  beneath  the  protection  of  the  occipital  arch 
a  perfect  medulla  oblongata  has  been  removed,  but  it  ends 
abruptly  above,  not  far  from  the  posterior  extremities  of  the 
longitudinal  vesicles ;  and  there  is  no  vestige  of  cerebellum,  the 
sides  of  the  posterior  fossa  basis  cranii  having  been  occupied  by 
two  masses  of  tough  leathery  substance  instead.  The  cervical 
vertebrae  and  the  muscles  at  the  back  of  the  neck  are  normal 

IX.  Anencephalua  vnthotU  Supra-Occipital,  and  vntfumt  ap- 
parent  Spina  Bifida. — Fully  developed  female  infant  In  this 
instance  there  seemed  to  be  scarcely  any  spongy  mass  beneath 
the  membranous  area.  The  little  that  was  detected  was  in 
front,  but  the  petrous  bones  seemed  covered  with  mere  membrane. 
Behind  this,  near  the  back  part  of  the  membranous  area,  which 
was  confined  to  the  head,  a  pit  was  detected  which  proved  to  be 
a  foramen  passing  down  into  the  interior  of  the  cord.  The  spine 
of  the  axis  was  normal,  with  muscles  normally  attached ;  but  the 
posterior  arch  of  the  atlas  was  incomplete,  a  state  of  matters  not 
very  uncommon  in  otherwise  normal  subjects.  *  A  few  of  the 
cervical  spines  having  been  split  up,  the  upper  part  of  the  cord 
was  removed  along  with  the  membranous  area  which  was 
stripped  from  the  skulL    The  slight  intumescence  of  this  area 
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ia  front  was  then  found  to  depend  on  a  quantity  of  tough  blood- 
stained tissue  which  adhered  to  the  fore  part  of  the  exposed  base 
of  the  skull.  The  clivus  was  found,  when  tjraced  downwards,  to 
be  bent  forwards  under  the  skull,  completing,  with  the  bodies  of 
the  vertebrae  beneath,  a  recess  in  which  the  medulla  oblongata 
was  lodged,  and  lyiog  at  an  angle  less  than  a  right  angle  with 
the  upper  surface  of  the  body  of  the  sphenoid,  which  also,  as 
is  habitual  in  anencephalus,  projected  upwards  between  the 
petrous  bones,  by  reason  of  the  outer  ends  of  these  latter  being 
depressed.  On  splitting  the  dura  mater  in  front  of  the  cord 
upwards,  the  arachnoid  space  in  front  of  the  nerve-roots  was 
laid  open  and  the  medulla  oblongata  exposed,  crossed  above  by 
a  delicate  transverse  band  representing  the  pons  Varolii,  while 
on  each  side  was  a  delicate  structure  readily  recognised  as  the 
flocculus,  but  not  a  vestige  of  cerebellum.^  The  arachnoid  sac 
was  pursued  further  forwards,  spreading  out  to  each  side  in  a 
position  corresponding  with  the  prominent  edge  of  the  petrous 
bone.  Towards  the  fore  part  of  the  membranous  area  a  small 
opening  in  the  middle  line  was  found  overhung  by  spongy  sub- 
stance, and  leading  into  a  sac  about  an  inch  and  a  half  in 
breadth  and  half  an  inch  in  length,  with  two  smooth  symmetrical 
masses,  united  by  a  narrow  isthmus,  projecting  from  the  roof, 
obviously  representatives  of  portions  of  the  brain,  doubtless  the 
hemisphere  vesicles.  Thus  in  this  specimen  there  were  two 
openings  from  the  membranous  area,  one  leading  back  into  the 
interior  of  the  medulla  oblongata,  and  the  other  forwards  to  the 
termination  of  the  cerebro-spinal  tube  in  front 

In  addition  to  these  nine  specimens,  selected  from  among  a 
number  of  human  malformations  presented  to  my  predecessor  and 
myself,  I  shall  describe  two  specimens  of  chicks,  the  importance 
of  which  might  have  escaped  my  notice  had  it  not  been  for  the 
instructive  memoir  published  in  1881  by  Dr.  Lebedeff,*  in 
which  he  describes  various  specimens  of  anomalous  brain  and 

^  The  flocculus,  thongh  always  described  with  the  cerebellum,  is  very  weU 
undeistood,  by  those  who  have  studied  its  development,  to  be  totally  unconnected 
with  that  oigan,  being  developed  from  a  lateral  outgrowth  of  the  floor  of  the 
Srd  cerebral  vesicle,  while  the  oerebeUum  is  developed  further  forwards  from  the 
foremost  part  of  the  roof  of  that  vesicle. 

*  ''Ueber  die  Entstehung  der  Anencephalie  und  Spina  bifida  bei  Vogeln  und 
Menschen,"  Virchow's  Archiv,  Ixxxvi.  p.  263. 
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spinal  cord  in  the  embryo  chick,  and  points  out  their  bearing  on 
anencephalus  in  the  human  subject. 

X.  Emhryo  Chick  (fig  10). — This  specimen  exhibits  the  open  con- 
dition of  the  cerebro-spinal  canal  found  in  the  first  day  of  hatching. 
But  the  open  condition  is  in  this  instance  anomalous,  for  there 
is  an  overgrowth  of  the  cerebro-spinal  axis ;  the  parts  apparently 
corresponding  with  the  greater  part  of  the  cerebral  vesicles  being 
much  thickened,  and  the  part  immediately  behind,  namely,  that 
which  appears  to  represent  the  anterior  cervical  region,  being 
thrown  into  numerous  plications  as  well  as  expanded,  while 
the  expanded  condition  is  carried  back  the  whole  length  of  the 
embryo. 

Xr.  Embryo  Chick;  Cyclopia  (figs.  11  and  12). — This  is  a  chick 
hatched  for  nine  or  ten  days.  The  principal  peculiarities  are  con- 
fined to  the  head,  which  is  turned  to  the  right  side  and  surmounted 
by  exposed  brain  forming  a  lobulated  mass  overflowing  the  base 
of  the  skull,  and  consisting  of  an  open  ventricle  with  a  largely 
developed  laminated  mass  on  each  side,  apparently  the  right 
and  left  moieties  of  the  cerebellum,  and  smaller  masses  in  front 
of  these.  On  the  surface  there  was  no  appearance  of  eye  nor  of 
ear,  and  instead  of  a  beak  there  W8ts  an  elongated  projection  with 
an  irregular  aperture  at  the  extremity,  which  suggested  the  idea 
that  it  was  such  an  orifice  as  is  seen  in  agnathia  of  mammals, 
combining  mouth  and  ears  in  one.  This  view  was  corroborated 
by  opening  the  orifice  up,  when  one  side  of  the  lower  jaw  was 
found  ending  in  a  point  at  the  side  of  the  aperture.  Also,  in  the 
floor  of  the  cavity,  when  cut  up,  was  seen  a  pimple  representing 
the  tongue.  But  what  was  most  remarkable  was  a  minute 
cyclopian  eye,  detected  by  being  black  with  choroidal  pigment, 
but  minute,  and  situated  so  deeply  that  it  could  not  be  seen  till 
the  dissection  was  made. 

General  Remarks. 

By  placing  together  more  or  less  detailed  accounts  of  the 
anatomy  of  nine  different  instances  of  imperfection  of  brain  and 
spinal  cord  in  the  human  subject,  there  is  exhibited  the  close 
connection  between  conditions  conveniently  described  by  different 
names,  and  even  yet  too  often  looked  on  as  thoroughly  distinct. 
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The  first  impression,  on  looking  at  numbers  of  monstrosities,  is 
that  the  different  groups  are  each  one  remarkably  distinct  from 
others,  while  its  members  are  remarkably  similar.  It  is  after- 
wards that  the  Unks  between  them  strike  us;  and  one  quite 
understands  the  reasons  which  led  the  great  Geoffrey  St.  Hilaire 
to  believe  them  capable  of  being  distinguished  in  a  way  perfectly 
similar  to  that  in  which  zoological  genera  and  species  are  deter- 
mined. It  is  not  to  be  forgotten  that  his  work  in  respect  of 
monsters  was  governed  by  a  deeire  to  develop  a  philosophy  of 
anatomy.  He  saw  in  monsters,  as  in  zoological  genera  and 
species,  the  operation  of  external  surroundings  on  the  internal 
formative  impulse  of  the  organism,  or,  so  to  say,  of  environment 
on  heredity;  and  if  he  had  not  the  opportunity  of  appreciating 
the  connecting  links  between  diverse  forms  of  monstrosity,  he 
was  the  first  to  suggest  the  possibility  of  change  being  effected 
by  environment  in  zoological  species,  to  which  he  considered 
that  monsters  stood  in  an  appreciable  relation.  It  may  further 
be  noted  here  that  the  considerations  about  to  be  laid  before  the 
reader  in  the  remainder  of  this  memoir  point  out  that  the  prin- 
ciple put  forward  by  St.  Hilaire,  namely,  the  direct  action  of  en- 
vironment on  form,  is  the  source  of  modification  of  the  embryo  by 
sudden  change  in  individual  instances  to  such  an  extraordinary 
extent  as  to  suggest  that  its  influence  by  gradual  and  continued 
change  operating  on  the  embryo  in  successive  generations  cannot 
be  easily  estimated.  The  principles  enunciated  by  Lamarck, 
St  Hilaire,  and  Darwin  respectively,  namely,  the  hereditary 
transmission  of  the  effects  of  habitual  actions,  of  environment, 
and  of  natural  selection,  all  have  their  places  in  nature.  As  to 
whether  any  of  them  or  all  combined  are  sufficient  to  pro- 
duce higher  forms  from  lower  that  is  a  different  question,  and 
one  not  likely  to  be  settled  by  dogmatic  asseveration  or  even 
the  insulting  jibes  which  occasionally  disgrace  the  London  press. 
^Where  St  Hilaire  went  wrong  with  regard  to  monsters  seems 
to  have  been  principally  in  making  an  arbitrary  distinction 
between  pathological  action  and  arrest  of  development,  and 
denying  the  pathological  element;  apparently  not  sufficiently 
appreciating  that  pathological  and  physiological  action  are  both 
excited  by  stimulation  from  without,  and  only  differ  in  respect 
that  in  pathological  action  the  normal  sequence  of  events  in  the 
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organism  is  altered.  An  arrest  of  development  presupposes  some 
cause  of  the  arrest,  and,  according  as  the  cause  varies  in  character, 
time,  site,  and  degree,  so  do  its  efifects  vary,  without  being  so 
specifically  distinct  8ts  they  at  first  appear. 

In  the  first  of  the  specimens  now  described  an  open  spina 
bifida,  or  complete  "  rachischisis  "  of  the  lumbar  region,  is  seen 
in  association  not  merely  with  hydrocephalus,  but  also  with  a 
dilated  condition  of  the  central  canal  in  the  intervening  cord. 
In  the  second  specimen  a  cervical  spina  bifida  covered  with 
natural  integuments  presents  want  of  closure  of  the  central 
canal  and  of  the  vertebral  arches,  and  also  shortening  and  bend- 
ing forwards  of  both  cord  and  column,  accompanied  with  a 
certain  lateral  expansion.  In  the  third  specimen,  while  the 
brain  is  displaced  and  the  skull  deformed  in  consequence,  the 
changes  in  the  cervical  part  of  the  column  are  of  a  similar 
character  to  those  in  the  previous  specimen,  while  there  are 
again  unmistakable  signs  of  accumulation  of  fluid,  though  in 
this  instance  intracranial.  In  the  fourth  specimen  open  spina 
bifida  in  the  whole  length  of  the  cord  accompanies  a  displace- 
ment of  the  brain  very  similar  to  that  in  the  third  specimen, 
though  uncovered  with  true  skin,  and  with  the  occipital  bone 
less  developed.  In  the  fifth  specimen  an  open  spina  bifida  is 
surmounted  by  a  cerebral  tumour  similar  in  appearance  to  that 
of  the  previous  specimen;  but  when  the  tumour  was  opened 
into,  the  brain  was  found  to  be  less  developed ;  and  the  skull 
was  that  of  a  typical  anencephalus.  In  the  sixth  specimen  we 
have  an  anencephalus  with  a  small  cerebral  tumour  perforated 
near  the  back,  so  as  to  be  continuous  with  the  open  spina  bifida; 
and  in  the  seventh  specimen  complete  anencephalus  with  open 
spina  bifida  is  illustrated  in  simplicity. 

The  eighth  and  ninth  specimens  are  instances  in  which  the 
lesion  is  confined  to  the  skull  and  its  contents ;  and  it  is  notice- 
able that  while  in  both  there  is  a  medulla  oblongata,  the  brain 
is  a  shade  less  interfered  with  in  specimen  nine,  in  which  the 
skull  is  completely  unroofed  and  enormously  bent  out  of  shape, 
than  in  specimen  eight,  which  has  occipital  elements  roofing 
over  the  medulla  oblongata.  This  is  an  additional  illustration 
that  interference  with  the  brain  and  interference  with  the  skull 
do  not  march  pari  passu. 
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Obigin  of  Anencephalus  and  Spina  Bifida, 

The  connection  of  these  anomalies  with  dropsies  in  the  embryo 
has  been  maintained  since  Morgagni  wrote  till  now.  Geofifroy 
St  Hilaire  refers  to  Meckel  and  to  Tiedemann  as  recognising  in 
such  affections  an  arrest  of  cerebral  development,  and  has  elabo- 
rated a  like  view,. holding  that  there  is  an  accumulation  of  fluid, 
but  that  this  is  not  the  result  of  disease  but  the  persistence  of  the 
embryonic  condition  when  fluid  is  normally  contained  within  walls 
in  which  the  nervous  substance  is  not  yet  developed.  It  is  plain, 
however,  that  St  Hilaire  believed  in  the  existence  of  a  mem- 
branous pouch  containing  between  two  and  three  litres,  or  about 
half  a  gallon  of  water,  attached  round  the  margins  of  the  mem- 
branous area  of  the  specimen  of  anencephalus  and  open  spina 
bifida  which,  he  was  describing,  although  he  saw  no  vestige  of 
such  a  thing  himself,  but  managed  to  get  an  account  of  it,  vague 
enough,  from  the  midwife,  after  having  arrived  at  the  conclusion 
that  such  a  thing  must  be.^  That  such  a  pouch  actually  did 
exist  in  that  particular  instance  I  am  not  prepared  to  deny, 
seeing  that  it  is  perfectly  conceivable,  and  would  furnish  an 
intermediate  condition  between  spina  bifida  completely  open  and 
that  which  is  covered  with  true  integument,  but  undoubtedly  in 
none  of  the  many  instances  of  spina  bifida  and  anencephalus 
that  I  have  seen  have  I  detected  traces  of  such  a  thing,  and  in 
none  that  are  now  within  my  observation  is  there  the  slightest 
interruption  of  continuity  between  the  integument  and  what  I 
term  the  membranous  area.  Isodore  Geoffrey  St  Hilaire  adheres 
to  the  views  of  his  father,  and  speaks  of  the  integuments  being 
replaced  before  birth  by  a  "  vast  hydrorachic  tumour,"  of  which 
nothing  is  left  but  irregular  debris.* 

The  views  of  Dareste  appear  to  coincide  entirely  with  those 
of  St  Hilaire.  He  speaks  of  the  brain  and  spinal  cord  being 
replaced  by  a  pouch  full  of  serosity,  at  some  distance  from 
which  the  integuments  cease.^  He  calls  it  a  physiological 
dropsy,  and  says  "this  accumulation  of  serosity  hinders  the 

'  PkUosophie  AruUomiqu^f  ii.  131. 

*  Histcire  des  Anomalies,  iL  860. 

>  Production  Artificielle  dea  MoTtstruoaiies,  1877,  p.  243. 
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formation  of  the  nervous  substance."  He  further  suggests,  as  the 
initial  deviation  from  normal  growth  in  anencephalus,  pseuden- 
cephalus,  and  exencephalus,  an  arrest  in  the  development  of  the 
"  cephalic  hood  which  causes  it  to  remain  applied  to  the  superior 
aspect  of  the  head,  and  to  compress  it  in  part  or  altogether,^  and 
in  this  idea  he  is  followed  by  Perls  ^  and  Marchand.^ 

Forster  describes  anencephalus  and  spina  bifida,  or,  as  he 
terms  them,  cranioschisis  and  rachischisis,  under  the  head  of 
Hydrops  canalis  meduUaris,  and  describes  them  thus: — ^"The 
original  collection  of  water  is  so  considerable  that  a  fissure  is 
thereby  efifected  of  the  osseous  walls  and  coverings  of  the 
medullary  canal,  emd  a  more  or  less  perfect  destruction  of  the 
brain  and  spinal  cord."  He  states  also  that  the  dura  mater  and 
other  membranes  of  the  brain  in  anencephalus  form  a  great  sac 
which  covers  the  whole  base  of  the  skull,  or  bursts  so  as  to  leave 
the  base  covered  with  the  exposed  remnants  of  the  membranes 
and  of  the  brain.^ 

Ahlf  eld,*^  while  admitting  that  other  causes  combine  to  produce 
anencephalus,  considers  that  none  can  compare  in  frequency 
with  cerebral  dropsy ;  and  he  dismisses  as  unsupported  the  views 
brought  forward  by  Lebedeflf.  LebedefiTs  memoir,  however,  is 
one  of  the  utmost  importance.  For  it  will  be  seen  that  in  all 
previous  views  an  accumulation  of  water  has  played  an  important 
part,  whether  looked  on  as  a  purely  pathological  accumulation  or 
not ;  but  Lebedeff  points  out  among  other  things,  and  figures 
abnormal  conditions  of  the  young  embryo  chick,  in  which  closure 
of  the  cerebro-spinal  cylinder  has  failed  to  take  place.  The 
blastema  for  the  roof  of  the  skull  and  spines  of  the  vertebrae 
fails  in  these  cases  ever  to  reach  the  middle  line ;  and  there  can 
be  no  thought  of  their  having  been  turned  aside  by  the  pressure 
of  a  bag  of  fluid.  Lebedefif  figures  three  such  cases,  and  gives 
vertical  sections  of  others,  showing  that  there  is  an  undue  thick- 
ness of  the  medullary  plate,  and  that  complicated  foldings  of  it 
occur,  with  consequent  formation  of  adventitious  vesicles.  He 
concludes  that  anencephalus  occurs  in  consequence  of  changes  of 

^  Op,  o^./p.  254. 

«  Lehrhuch  dea  AUgenmnm  Paihotogischm  Anatomie,  p.  283. 

•  Referred  to  by  Ahlfeld,  op,  eU,,  p.  290.  *  Op.  ciL^  pp.  77  and  80. 

^Op,ca.,  p.  290. 


Digitized  by 


Google 


SPINA  BIFIDA,  ENCBPHALOCELB,  AND  ANENCEPHALUS.       275 

the  medullary  plate  in  the  earliest  stages  of  embryonic  life, 
either  while  as  yet  the  medullary  furrow  is  open  or  at  a  later 
time;  the  tube  either  having  never  been  closed  or  having  flattened 
out,  and  its  hinder  wall  given  way.^ 

Importance  is  due  to  the  observations  of  Lebedefif,  which  are 
supplemented  by  Specimen  X.  of  this  communication,  first, 
because  they  demonstrate  that  failure  in  closure  of  the  cerebro- 
spinal axis  is  a  thing  which  does  occur,  and  therefore  which  may 
be  found  in  an  older  embryo  as  well  as  a  younger ;  and,  secondly, 
because  the  development  of  nerves  in  regular  series,  and  of  both 
anterior  and  posterior  divisions  of  the  arachnoid  sac,  is  not  likely 
to  have  gone  on  with  uninterrupted  regularity  under  the  pressure 
of  a  collection  of  fluid  so  destructive  in  its  effects  as  to  have 
destroyed  by  pressure  the  brain  or  spinal  cord.  The  regular 
origin  of  the  nerves  was  brought  forward  by  Geoffroy  St.  Hilaire 
as  evidence  against  a  pathological  collection  of  fluid ;  but,  so  far 
as  I  know,  the  circumstance  of  the  portion  of  the  arachnoid  sac 
normally  posterior  to  the  roots  of  nerves  being  developed  in  two 
divisions  external  to  them  has  not  ere  now  attracted  notice.  Its 
significance  consists  in  this,  that  while  the  substance  of  the 
spinal  cord  is  represented  by  no  mote  than  an  epithelium,  the 
part  of  the  arachnoid  which  should  have  been  behind  the  cord 
pursues  its  development  in  its  displaced  position  exactly  as  is 
the  case  with  the  laminae  of  the  vertebrse. 

While,  however,  anencephalus  and  spina  bifida  exhibit  defi- 
cient development  of  brain  and  spinal  cord,  the  chicks  described 
by  Lebedeff  present  over-development  of  the  medullary  blastema ; 
and  in  Specimen  X.  above  described,  such  over-development  is 
shown  in  two  ways,  namely,  by  thickening  and  by  plication. 
Bat  the  medullary  blastema  would  not  be  plicated  were  it  at 
liberty  to  extend  at  an  increased  rate  longitudinally.  An  equally 
increased  growth  of  all  the  parts  would  simply  yield  a  laiger 
embryo  of  normal  form  The  plications  arise  from  connection 
with  a  mesoblast  growing  at  a  slower  rate.  So  also,  in  one  of 
the  embryos  figured  by  Lebedeff,  though  there  is  no  plication, 
the  undue  elongation  of  the  fore  part  of  the  medullary  plate 
appears  to  have  produced  increased  cephalic  curvature  or 
kyphosis^  and  the  same  thing  has  happened  in  the  embryo 

^  1  Op,  cU.,  p.  297. 
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chick,  Specimen  XI.,  above  described.  Lebedeflf,  indeed,  points 
out  that  flattening  of  the  brain  part  of  the  mednllary  plate 
would  be  a  mechanical  consequence  of  increased  curve,  just  as 
one  flattens  a  half  tube  of  india-rubber  bj  bending  it  backwards ; 
and  this  may  be  considered  as  an  element  having  its  value;  but 
it  is  not  necessary  to  resort  to  any  other  explanation  than  the 
overgrowth  to  account  for  patency  of  the  tuba  In  another  some- 
what older  embryo  figured  by  Lebedeff,  one  in  which  the  limbs 
have  appeared,  the  whole  embryo  is  thrown  into  a  letter  8  curve 
in  a  manner  common  enough  in  artificial  incubation,  apparently 
because  the  surrounding  membranes  have  cramped  it  longitudi- 
nally. But  the  undue  expansion  of  the  medullary  plate  is  not 
only  longitudinal ;  it  is  likewise  transverse ;  and  if  this  transverse 
expansion  be  especially  in  the  superficial  layers,  it  will  manifestly 
exercise  an  everting  influence  on  the  sides,  and  prevent  their 
turning  back  in  the  normal  way  to  meet  in  the  middle  line. 
The  normal  inversion  of  the  edges  of  the  plate  is  produced  by  a 
comparatively  greater  growth  of  the  deep  than  of  the  superficial 
strata,  and  an  equal  growth  of  both  would  be  sufticient  to  keep 
the  furrow  wide  open. 

Eecalling  to  mind  what  a  fruitful  source  of  abnormalities 
unequal  temperature  is  in  artificial  incubation,  a  subject  to 
which  both  Dareste  and  Panum  have  given  special  attention,  we 
need  have  little  hesitation  in  referring  numbers  of  abnormalities 
to  the  effects  of  accidental  stimulus  acting  on  the  whole  embryo 
or  on  a  part ;  and  if  it  further  be  kept  in  mind,  that  while  gentle 
and  recurrent  stimuli  may  increase  the  vital  energies,  a  sadden 
and  prolonged  exaltation  of  action  is  followed  by  exhaustion,  we 
need  not,  I  think,  deem  that  there  is  necessarily  any  improba- 
bility that  abnormalities  presenting  deficient  development  of 
parts  have  originated  in  the  excessive  growth  of  those  parts  at 
a  very  early  period. 

The  abnormalities  under  consideration  in  the  chick  have  all 
the  appearance  of  depending  on  undue  stimulation,  at  a  very 
early  date,  of  the  whole  or  part  of  the  cerebro-spinal  axis ;  and 
the  effects  so  produced  we  now  see  may  be  rationally  considered 
suflScient  to  prevent  the  closure  of  the  neural  cylinder.  We 
may  go  further,  and  even  if  we  shall  find  reason  to  believe  that 
spina  bifida  and  anencephaltis  result  from  the  rupture  of  an 
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already  dosed  cylinder,  refer  the  dbnormcd  condition  to  overstimu- 
latum  in  the  first  instance.  The  pouring  out  of  fluid  by  living 
corpuscles  is  an  effect  produced  by  stimulation  carried  on  in 
some  particular  manner  and  to  a  certain  degree,  though  of  the 
modus  operandi  in  detail  we  know  little  or  nothing.  This  is 
illustrated  by  the  action  of  vesicants.  The  collection  of  fluid  in 
an  already  closed  cerebro-spinal  cylinder  is  doubtless  also  an 
effect  of  over-stimulation  of  the  living  corpuscles  in  a  certain 
manner  and  degrea  llie  proliferation  of  these  corpuscles  in  a 
manner  such  as  to  produce  tissue  of  healthy  consistence,  but  of 
undue  amount,  is  likewise  the  result  of  external  irritation  or 
stimulation  acting  on  the  internal  impulse  or  vital  properties; 
but  the  adjustment  of  the  two  factors  is  in  different  proportion. 
Thus  there  need  be  no  radical  distinction,  so  far  as  the  first 
cause  is  concerned,  between  an  abnormality  produced  by  non- 
closure of  the  medullary  tube,  and  one  due  to  a  collection  of 
fluid  at  a  slightly  later  period.  In  both  instances  there  is  undue 
action  in  the  originally  superficial  tissues  of  brain  and  spinal 
cord.  In  the  one  case  the  increased  growth  everts  parts  which 
ought  to  turn  inwards,  in  the  other  the  collected  fluid  pushes 
back  the  edges  which  had  already  become  united. 

Becognising,  therefore,  that  abnormality  may  originate  in 
both  of  these  ways,  seeing  that  on  the  one'hand  non-closure  of 
the  cerebro-spinal  tube  actually  occurs  in  embryo  chicks,  while 
on  the  other  spina  bifida  with  complete  closure  of  the  integuments 
in  the  middle  line  is  common,  the  question  to  solve  is,  whether 
in  anencephalus  and  open  spina  bifida  the  abnormal  conditions 
have  originated  before  or  after  the  period  for  closure ;  and  this 
can  only  be  determined  by  attention  to  the  evidence  afforded  by 
the  details  of  their  structure. 

From  this  point  of  view  Specimen  I.  is  highly  instructive. 
Here  you  meet  with  actual  hydrocephalus  combined  with  an 
open  lumbar  spina  bifida,  the  margins  of  which  exhibit  no  trace 
of  a  rupture,  but  an  uninterrupted  passage  from  the  normal 
epidermis  to  the  delicate  covering  of  the  membranous  area,  and 
the  arachnoid  arrangements  opposite  the  spina  bifida  are  com- 
pletely developed  without  trace  of  any  result  of  inflammation 
This  is  exactly  such  a  spina  bifida  as  might  be  supposed  to 
originate  from  non-closure.    But  we  have  seen  that,  continuous 
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with  its  upper  part,  there  is  a  dilated  central  canal  where  the 
spines  and  spinal  cord  are  complete,  and  even  the  peripheral 
appearance  of  the  cord  remained  normal,  notwithstanding  the 
dilated  canal  This  dilatation  of  the  canal  may  indeed  have 
arisen  from  want  of  normal  development  of  the  nerve  suhstance 
surrounding  it,  but  as  one  might  expect  that  such  a  want  of 
development  would  have  arrested  the  growth  of  the  cord  in 
diameter  as  well  as  in  the  thickness  of  its  proper  substance,  it  is 
perhaps  more  likely  that  distension  of  the  canal,  after  closure, 
caused  its  dilatation  above,  and  led  to  its  rupture  below  in  very 
early  development,  while  as  yet  there  was  little  texture  deposited  in 
the  middle  line.  The  hydrocephalus  was  obviously  of  much  later 
origin,  when  the  different  parts  of  the  brain  were  already  formed. 
But  more  important  than  the  teachings  of  this  single  specimen 
is  what  is  to  be  learned  from  the  consideration  that  in  anen- 
cephali  generally  the  eyes  and  their  surroundings  are  normally 
developed.  The  primary  optic  vesicles  are  not  separated  from 
the  vesicles  of  the  brain  till  considerably  after  these  latter  have 
been  roofed  in  ;  and  the  evidence  already  given  that  structures 
are  modified  in  their  development  by  alterations  in  their  me- 
chanical relations,  together  with  further  evidence  to  the  same 
effect  about  to  be  given,  makes  it  very  improbable  that  hollow 
organs  ordinarily  developed  in  connection  with  a  closed  cavity 
would  exhibit  the  normal  form  in  instances  in  which  that  cavity 
remained  open. 

The  eyes  of  anencephali  have  been  made  the  subject  of 
special  investigation  by  De  Wahl  and  Manz,^  and  their  only 
deviation  from  normal  development  consists  in  the  absence  of 
nerve  fibres  from  the  optic  nerve  and  retina.  That,  no  doubt,  is 
a  circumstance  in  itself  very  interesting ;  it  contrasts  with  the 
full  development  of  the  spinal  nerves,  and  may  suggest  a  ques- 
tion as  to  whether  embryologists  are  right  in  translating  the 
beautiful  observations  of  F.  M.  Balfour  on  the  early  connection 
of  the  spinal  nerves  with  the  cord,  as  sufficient  proof  that  these 
nerves  are  epiblastic  in  origin.  But,  taken  in  connection  with 
the  otherwise  normal  development  of  the  eye,  it  cannot  be  looked 
on  as  showing  more  than  that  the  rupture  of  the  cranium  in 

^  Manz,  Yiichow's  Archiv,  IL  p.  815,  where  also  reference  if  made  to  E.  de 
WaW. 
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anencephalaB  has  occurred  before  the  development  of  nerve 
fibres  in  the  optic  nerves  and  tracts.  I  apprehend,  therefore, 
that  annMephalua  mod  probably  results  from  rupture  of  dosed 
parts  after  the  optie  nerves  have  ceased  to  he  tvhes  of  commv/nica^ 
tion  bettoeen  brain  and  eye,  and  that  such  a  form  as  the  chick, 
X,  the  result  of  stimulation  at  a  considerably  earlier  date, 
would  be  doomed  to  perish  in  the  early  stages  of  development. 
Panum  ^  figures  a  chick  hatched  for  112^  hours,  but  of  a  develop- 
ment which  suggests  not  more  than  sixty  hours,  with  a  beautifu 
broadly  open  lumbar  spina  bifida.  I  am  not  prepared  to  say 
that  such  a  case  as  that  has  not  been  produced  by  non-closure, 
but  lumbar  spina  bifida  difiers  in  some  very  important  points 
from  anenoephalus  and  cervical  spina  bifida. 

Lumbar  spina  bifida  is  not  usually  associated  (I  suppose, 
indeed,  never  is)  with  shortening  of  the  vertebral  column  at  the 
part,  while  there  would  appear  to  be  always  shortening  of  the 
column  with  cervical  spina  bifida;  and  anencephalus  when 
complete  is  associated  with  cervical  spina  bifida.  On  the 
hypothesis,  then,  of  undue  growth,  in  the  early  embryo,  of  the 
medullary  plate  as  compared  with  the  subjacent  structure,  we 
shall  see  in  lumbar  open  spina  bifida  the  result  of  thickening  or 
transverse  growth,  but  without  evidence  of  abnormal  elongation ; 
while  in  reference  to  cervical  spina  bifida  the  question  arises, 
how  far  the  elongation  may  be  merely  comparative,  and  arrest 
in  elongation  of  the  notochord  be  the  real  abnormality.  As  far  as 
I  can  see,  the  phenomena  of  cervical  spina  bifida  can  be  accounted  for 
by  mere  vxint  of  extension  of  the  notochord,  while  the  medullary 
plate  grows  on  at  the  normal  rate ;  but  since  it  is  certain  that 
very  early  overgrowth  of  the  medullary  plate  does  occur  while 
as  yet  the  parts  for  the  dorsal  and  lumbar  regions  are  but  little 
developed,  it  appears  very  probable  that  the  same  stimulus 
which  has  that  efiect  is  also  the  cause  of  the  non-elongation  of 
the  notochord.  For  this  failure  of  the  notochord  to  elongate  is 
not  to  be  accounted  for  by  mere  absence  of  its  structure,  which 
would  offer  no  resistance  to  the  elongation  of  the  parts  around 
but  must  be  the  result  of  an  abnormal  deposition  firm  enough  to 
bind  the  surrounding  parts  to  some  extent. 

1  "  Untersnchnngen  Uber  die  Enstehongen  der  Miisbildangen,  Zanachst  in 
den  Eiem  der  Yogel,"  1860,  Taf.  yL  fig.  8. 
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Suppose  the  notochord  to  refase  to  lengthen  while  the  centres 
of  growth  for  the  bodies  of  the  vertebrae  h^ve  still  the  normal 
tendency  to  increase  in  size,  the  elongation  of  these  will  bend 
them  outwards,  making  it  more  difficult  for  them  to  unite  in  the 
mesial  plane,  and  thug  broadening  the  bodies  of  the  vertebrae,  or 
pushing  their  right  and  left  parts  asunder,  as  we  have  seen  occurs. 

But  what,  then,  is  the  cause  of  the  convexity  forwards  of  the 
shortened  part  of  the  column  which  is  uniformly  found  accom- 
panying cervical  spina  bifida  ?  It  is  explained  at  once  by  the 
visceral  arches  being  normally  developed,  though  crowded  on  a 
shortened  base.  The  eflfect  of  a  comparatively  large  growth  on 
the  ventral  aspect  of  the  arrested  notochord  will  be  to  bend  the 
embryo  back,  on  the  same  principle  that  growth  on  the  dorsal 
aspect  at  an  earlier  date  bent  it  forwards.  But  when  the 
shortening  of  the  column  is  very  considerable,  the  bending 
backwards  is  insufficient  to  give  room  for  the  normal  amount  of 
growth  of  the  dorsal  and  ventral  plates,  and  I  suppose  they  are 
thus  constrained  to  continue  further  in  a  ventral  course,  leading 
to  the  length  of  ribs  and  great  antero-posterior  diameter  of  the 
thorax  which  are  found  in  such  cases.  Another  mechanical 
factor  may,  however,  co-operate  to  that  result  The  rotation 
outwards  of  the  walls  of  the  neural  canal  involves  the  rotation 
forwards  and  inwards  of  the  outer  border  of  the  dorsal  plates, 
and  a  consequent  diminution  of  the  transverse  diameter  of  the 
thorax,  the  ribs  passing  more  directly  forwards.  One  would 
anticipate  that  the  same  inward  rotation  of  the  visceral  and 
maxillary  lobes  of  the  neck  and  face  would  favour  the  union  of 
these  parts  in  the  middle  line  at  a  somewhat  earlier  date  than 
usual,  and  lead  to  a  certain  upward  pressure  of  the  parts  within 
their  circle.  On  the  other  hand,  the  vault  of  the  skull  having 
been  ruptured,  there  is  an  absence  of  that  pressure  downwards 
which  is  exercised  in  normal  circumstances  by  the  growing 
brain  pressing  on  all  its  surroundings.  It  is  owing  to  these 
causes  that  in  anencephalus  the  base  of  the  skull  is  bent  down- 
wards at  the  sides,  as  has  been  correctly  noted  by  various 
authors.  Perls  alludes  to  this  circumstance  as  an  argument 
against  dropsy  as  the  cause  of  anencephalus  ;  and  it  is  a  valid 
argument  against  a  later  dropsy  being  the  cause,  but  not  against 
an  expansion  leading  to  very  early  rupture  of  the  vault 
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On  the  hypothesis  that  all  the  abnonnalities  which  we  have  been 
coDsideringaTeconsequencesof  over-stimulation  in  early  embryonic 
life,  it  is  obvious  from  what  has  been  said  that  much  difiference 
of  result  will  depend  on  the  exact  period  at  which  the  stimulus 
is  applied.  Speculating  in  a  more  tentative  manner,  I  incline 
to  believe  that  such  over-stimulation,  occurring  soon  after  im- 
pr^;nation  of  the  ovum  leads  to  fissiparous  division  of  the 
germinal  mass,  resulting  in  two  embryos ;  that  at  a  later  period, 
or  carried  to  a  slighter  extent,  it  will  cause  partial  division, 
resulting  in  such  forms  of  double  monster  as  have  a  portion  of 
the  cerebro-spinal  axis  undivided ;  that  at  a  later  period,  when 
the  cephalic  end  of  the  neural  furrow  is  formed  but  is  still  open, 
it  produces  such  conditions  as  we  have  seen  in  the  chick  X., 
but  that,  in  consequence  of  interference  with  their  whole  form, 
embryos  so  affected  probably  always  perish  early;  that  anen- 
cephttlus  is  produced  by  rupture  after  the  primary  optic  vesicles 
are  cut  off  from  the  cerebral  vesicles ;  and  that  lumbar  spina 
bifida  occurs  later. 

In  an  attempt  to  account  for  so  many  things  by  similar 
causes,  one  naturally  asks,  What  is  the  relation  of  cyclopia  and 
pericephalus  to  anencephalus ?  On  that  subject  we  may. get 
some  light  when  we  study  the  conditions  of  the  brain,  as  we 
most  now  do,  to  complete  our  view  of  the  causation  of  the  latter. 

The  Brain  and  Cord  in  Anencephalus,  Encephalocele, 
AND  Spina  Bifida. 

I  have  already  drawn  attention  to  the  very  general  presence 
of  the  arachnoid  sac,  and  have  thereby  removed  all  possible 
ground  for  doubt  that  the  membrane  stretched  instead  of  skin 
over  the  base  of  the  skull  in  anencephalus,  and  over  the  vertebrae 
in  open  spina  bifida,  is  in  the  main  the  surface  of  the  medullary 
groove  which  has  either  remained  open  from  the  very  first,  or,  as 
I  think  is  more  frequently  the  case,  has  become  reopened  by 
redundant  collection  of  fluid  and  growth  of  substance  very  soon 
after  closure.  Thus,  it  is  easy  to  recognise  that  a  membranous 
area  on  the  back  is  an  enlarged  central  canal  of  the  spinal  cord, 
and  that  the  texture  between  the  surface  and  the  arachnoid  sac, 
however  thin,  contains  whatever  represents  the  substance  of 
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the  cord  and  the  pia  mater;  and,  indeed,  a  certain  development 
of  pia  mater  may  render  it  spongy  and  vascular.  The  masses  of 
spongy  vascular  tissue  surmounting  the  base  of  the  skull  in  most 
cases  of  anencephalus  are  nothing  else  than  redundant  pia  mater. 
But  we  cannot  consider  the  membranous  surface  on  the  skull  of 
an  anencephalus  as  corresponding  in  all  cases,  or  even  in  most, 
altogether  to  the  interior  of  the  ventricles  of  the  brain,  seeing 
that  in  many  instances  a  hollow  vestigeal  brain  is  present,  and 
the  hollow  in  these  instances  is  the  true  ventricular  cavity  of 
the  brain.  Nevertheless,  such  a  vestigeal  brain,  however  much 
it  may  approach  full  development,  is  never  covered  with  true 
skin,  but  only  with  dura  mater,  and  a  transparent  membrane 
adherent  thereto.  That  transparent  membrane,  therefore,  must 
be  looked  on  as  a  sort  of  adventitious  outgrowth  of  the  lining  of 
the  central  canal  and  ventricles  of  the  brain,  beneath  which 
the  dura  mater  is  continued  round  towards  the  middle  line. 
Specimen  YI.  illustrates  very  well  such  a  state  of  matters. 

The  very  existence,  however,  of  a  hollow  brain  indicates  a 
state  of  matters  not  touched  on  in  the  preceding  remarks  on  the 
causation  of  anencephalus.  It  indicates  that  while  ihe  roof  of 
the  skull  has  been  ruptured,  there  has  been  an  unruptured  part 
of  the  roof  of  the  brain.  In  Specimen  YI.  the  foramen  at  the 
back  of  the  hollow  tumour  indicates  where  the  wall  of  the  bndn 
has  given  way.  This  must  have  happened  before*  the  rupture  of 
the  surrounding  parietes  from  which  the  integuments  and  bones 
take  rise,  for  the  regular  development  of  the  arachnoid  space 
renders  it  unlikely  that  there  had  been  effusion  in  the  embryo 
between  the  cerebro-spinal  axis  and  the  parietei,  and  the 
gratuitous  supposition  that  such  a  thing  had  occurred  would  in 
no  way  remove  the  necessity  for  supposing  that  effusion  within 
the  hollow  of  the  axis  had  existed  as  well  It  would  appear, 
therefore,  that  a  small  rupture  of  the  brain  wall  has  relieved 
the  pressure  in  the  ventricles,  while  the  superficial  parts,  continuing 
to  be  pressed  on,  and  being  much  thinner  along  the  middle  line 
than  elsewhere,  are  soon  afterwards  ripped  up  the  middle  more 
extensively.  Probably  this  is  the  sequence  of  events  in  every 
instance  in  which  the  brain  is  represented  by  a  vesicle  with  cor- 
rugated inner  wall,  as  in  Specimens  Y.  and  YL  and  also  IX.,  for 
the  corrugations  seem  to  indicate  reUef  from  internal  pressure. 
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But  every  brain  uncovered  with  true  skin  has  not  necessarily 
undergone  rupture ;  it  may  by  distension  and  displacement  have 
ruptured  the  integument,  while  remaining  itself  unruptured.  It 
seems  probable  that  this  is  what  has  occurred  in  Specimen  lY. ; 
and,  in  fact,  that  case  has  much  resemblance  to  the  occipital 
encephalocele.  Specimen  IIL,  save  that  it  is  complicated  by  open 
spina  bifida,  which  very  likely  aided  the  rupture  of  the  integu- 
ments of  the  head  by  giving  a  notch  from  which  the  tear  may 
have  extended  under  the  pressure  of  the  brain. 

What,  then,  are  the  peculiarities  of  occipital  encephalocele  as 
illustrated  by  these  two  cases  ?  They  agree  in  the  exaggerated 
development  of  the  infundibulum,  and  the  dropsical  pouch  on 
each  side  in  ttont  of  the  hemispheres ;  and  in  these  points  may 
be  found  sufficient  explanation  of  their  whole  cephalic  structure. 
The  lateral  pouches  appear  to  be  dropsical  olfactory  bulbs.  The 
infundibulum  is  a  prolongation  of  the  thalamencephalon,  from 
which  the  olfactory  bulbs  likewise  take  origin.  There  has  been 
dropsy,  therefore,  of  the  thalamencephalon  before  the  closure  of 
the  communication  with  the  olfactory  bulbs ;  and  this  dropsy  is 
seen  in  Specimen  lY.  to  have  taken  place  after  the  walls  of  the 
second  cerebral  vesicle  were  sufficiently  strong  to  resist  its  distend^ 
ing  force,  and  to  have  pressed  on  the  hemispheres  so  as  to  interfere 
with  their  growth,  while  in  Specimen  II.,  no  doubt,  it  had 
entered  the  hemisphere  vesicles  and  distended  them.  The 
hinder  part  had  still  been  the  portion  of  the  roof  of  the  skull 
least  securely  united  in  the  middle  line,  and  thus  gave  way 
before  the  pressure  with  which  the  brain  was  pushed  back  by 
the  dropsical  distensions  in  front,  which  were  thus  left  in  posses- 
sion of  the  cranial  cavity. 

That  dropsical  enlargement  of  the  olfactory  bulbs  and  infundi- 
bulum should  tixua  give  rise  to  occipital  encephalocele  is  exceed- 
ingly remarkable  when  taken  in  eonjunction  with  what  I 
demonstrated  in  a  former  memoir  in  this  Journal, — that  in 
cyclopia  there  is  dropsical  enlargement  of  the  roof  of  the 
thalamencephalon,  including  the  pineal  body.^  But  in  cyclopia 
there  is  not  only  a  mesial  eye,  but  also  a  single  vesicle  or  mass 
to  represent  the  hemisphere- vesicles ;  also  the  infundibulum,  so 
&r  from  being  enlarged,  is  sometimes  absent,  and  there  is  no 
1  *'  On  the  Brain  of  Cyclopians,"  Jour.  AnaL  wnd  Phys,,  ziL  618. 
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vestige  of  olfactory  bulbs.  Further,  the  dropsical  vesicle  found 
in  cyclopia  is  also  found  in  agnathia  or  perocephalus>  but  in  that 
form  there  are  the  further  peculiarities  that  the  nose  and  eye  have 
disappeared  altogether,  as  has  also  the  mass  representing  the 
hemisphere- vesicles,  and  that  the  first  visceral  arch,  as  well  as 
the  middle  and  lateral  frontal  processes  of  the  embryo  have  been 
imperfectly  developed,  and  that  the  clefts  in  connection  with 
the  external  ears  remaining  open,  and  being  approached  one  to 
the  other,  are  undififerentiated  from  the  buccal  orifice.  One 
other  set  of  facts  we  must  take  into  account,  namely,  that  in 
cyclopia  and  perocephalus  the  vault  of  the  skull  is  complete,  and 
the  hinder  parts  of  the  cerebrum  normal,  as  are  also  the  spinal 
cord  and  its  coverings.  To  attempt  to  explain  these  things  is  to 
launch  still  further  into  the  regions  of  hypothesis  than  I  have 
been  already  obliged  to  do;  still  I  think  that  the  road  to  a 
rational  explanation  may  be  pointed  out. 

The  unaltered  condition  of  the  corpora  quadrigemina  and  parts 
behind  it  points  to  these  parts  being 'shut  off  sufficiently  from 
the  parts  in  front  to  preserve  their  form.  As  the  infundibulum 
is  not  enlarged,  while  the  region  of  the  pineal  body  is  certainly 
the  main  seat  of  the  distension,  the  constriction  must  be  between 
the  two,  a  position  which  exactly  corresponds  with  the  optic 
tracts.^  The  cyclopian  dropsy  is  probably  of  later  origin  than 
the  anencephalic,  and  cannot  on  that  account  split  up  the 
parietes  enclosing  the  brain  behind.  On  that  very  account  it 
does  more  injury  in  front,  and  induces  a  kyphosis  or  downward 
curvature,  Ieis  well  as  a  rotation  inwards  of  the  lateral  parts  for 
the  growth  of  the  face.  Nor  can  these  effects  be  counteracted 
as  in  anencephalus  by  bending  backwards  of  the  neck,  seeing 
that  the  cervical  part  of  the  column  is  closed  in  and  resistant. 
Thus  in  cyclopia  the  primary  optic  vesicles,  which,  according 
to  this  theory,  must  hav6  been  already  formed,  are  crowded 
together,  to  be  surrounded  by  a  common  globe,  and  the  frontal 
processes  pushed  forwards  as  a  proboscis  in  front  of  the  mesial 
eye  so  formed;  while  in  perocephalus  the  crowding  of  parts 

1  Personallj  I  have  little  doubt  that  embryologists  are  mistaken  in  considering 
the  infundibulum  as  belonging  to  the  thalamencephalon.  It  probably  is  really 
mesencephalic  in  origin.  For  in  the  embryo  chick  of  about  thirty  hours  one 
can  see  that  the  optic  commissure  corresponds  in  position  with  the  constriction 
between  the  first  and  second  cerebral  vesicles. 
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having  been  greater,  the  suppression  of  structures  is  carried  to  a 
greater  extent 

The  diick,  Specimen  XL,  is  of  special  interest  because,  unlike 
cyclopia  in  mammals,  it  combines  a  ruptured  brain  and  cranium 
with  a  cyclopian  eye,  and  the  fusion  of  buccal  orifice  and 
external  ears  with  the  presence  of  a  lower  jaw.^ 

In  bringing  these  remarks  on  the  cerebro-spinal  axis  to  a  close, 
I  may  note  that  there  is  still  considerable  difficulty  in  account- 
ing for  the  total  absence  of  the  cord  in  open  spina  bifida  Four 
causes  might  be  mentioned  as  possible  agents,  namely,  exposure, 
pressure,  exhaustion  of  the  tissue  elements,  and  stretching.  Mere 
exposure  I  cannot  entertain  as  a  cause  which  could  result  in  the 
smooth  and  entire  membrane  which  we  find  in  place  of  the  cord, 
for  the  liquor  amnii  could  scarcely  be  more  detrimental  to  the 
growth  of  nervous  tissue  than  the  fluid  in  such  a  cervical  spina 
bifida  as  Specimen  IL  Nor  can  pressure  account  for  the 
phenomena,  as  the  pressure,  where  there  has  been  any,  is 
removed  at  an  early  date.  The  destructive  effects  of  stretching 
I  have  in  a  previous  memoir  shown  in  the  case  of  appended 
monsters.'  But  stretching  by  the  growth  of  neighbouring  parts 
means  comparative  arrest  of  growth  in  the  part  itself,  and  thus 
we  are  thrown  back  on  the  fourth  alternative,  that  such  arrest 
really  takes  place  in  consequence  of  the  proliferating  power  of 
the  texture  having  been  previously  exhausted  by  overaction. 
Still  the  explanation  seems  scarcely  sufficient,  unless  we  sup- 
pose that  the  arrest  in  growth,  and  stretching  of  structure 
80  arrested,  prevent  the  development  of  blood- vessel& 

Stbuctukes  Enlarged  in  the  Specimens  Described. 

A  most  obvious  instance  of  enlargement  of  structure  is  seen 
in  the  elongation  of  the  cranial  nerves  in  the  cases  of  ence- 
phalocele.  Here  we  have  an  example  of  nutrition  keeping  pace 
with  stretching,  beautifully  seen  in  Specimen  III.,  and  contrast- 

1  As  the  hatching  of  an  anenoephalic  chick  has  been  considered  as  a  rarity,  I 
may  note  that  I  have  been  presented  by  Mr.  John  M.  Campbell  with  a  chicle 
foUy  hatched  which  is  doable  bodied,  and  with  one  neck  and  one  anencephalic 
head. 

s  '<  On  Doable-Bodied  Monaters,  ko,"  Jour,  Anat.  and  Phys.,  viii  265. 
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ing  with  the  destruction  of  texture  by  the  same  cause  in  the 
upper  ipaxt  of  the  medulla  oblongata  of  the  same  specimen. 
The  same  sort  of  elongation  of  nerve  trunks  occurs  in  the  upper 
spinal  nerves  of  Specimen  YIL,  and  is  not  uncommon.  In  this 
instance,  also,  the  elongation  arises  from  stretching  of  the  nerves 
between  their  origin  and  their  exit,  and  seems  to  indicate  that 
in  later  development  the  superficial  membrane  in  the  lower  part 
of  its  extent  bad  refused  to  elongate  farther,  and  had  thus 
stretched  the  upper  nerves. 

The  most  extraordinary  instance  of  enlarged  structure  is, 
however,  the  enormous  laminated  tubercle,  three  quarters  of  an 
inch  long,  of  the  cerebellum  of  Specimen  I.  Here  is  a  structure 
in  ordinary  circumstances  closely  pressed  on  by  other  parts, 
which  in  this  instance  has  obviously  hung  in  a  larger  space 
caused  by  effusion  of  fluid.  The  fluid  has  pressed  upwards  on 
the  cerebellum,  and  interfered  with  the  normal  develoiwnent  by 
means  of  which  the  edge  of  the  posterior  velum,  originally 
directed  downwards,  comes  to  be  turned  forwards.  But  the 
laminated  tubercle  hanging  free  in  this  fluid  has  been  very 
differently  situated  from  what  it  usually  is  when  its  growth  is 
resisted  by  solid  structures.  The  mere  absence  of  accustomed 
resistance  has  been  shown  by  my  friend  and  senior  demonstrator. 
Dr.  Allen,  to  be  sufficient  to  lead  to  elongation  of  bone  in  the 
case  of  the  head  of  the  radius  and  the  odontoid  process ;  ^  and 
in  this  instance  there  has  been  removal  of  resistance  of  solids 
preventing  elongation,  and  the  pressure  of  fluid  has  been  sub- 
stituted, pressing  equally  on  equal  surfaces  and  iu  a  direction 
at  right  angles  to  those  surfaces. 

Another  instance  of  enlarged  structure  in  the  specimens  de- 
scribed is  found  in  the  expansion  of  the  vertebral  lamin»  in  open 
spina  bifida  in  the  dorsal  and  lumbar  regions.  The  phenomenon 
is  not  met  with  in  the  cervical  region,  because  the  vertebrsB  there 
are  crushed  by  the  bending  which  takes  place.  But  the  con- 
stancy of  the  shape  of  the  large  flat  plates  into  which  the  dorsal 
and  lumbar  laminae  are  developed  is  very  remarkable  It  is 
such  a  constancy  as  is  comparable  with  the  effects  of  heredity, 

^  "On  Anatomical  Changes  indnced  by  Dialocation  Backwarda  of  the  Head  of 
the  Radius  in  Early  life,"  Olaagow  Med.  Jour.,  July  1880  ;  and  "  Oxi  Tertaary 
Occipital  Condyle,"  J<mr.  AruU.  and  Phys.,  xv.  66,  Oct  1880. 
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and  recalls  to  mind  other  instances  of  a  given  interference 
altering  in  an  explicit  manner  structares  from  their  hereditary 
form.  Of  this  sort  are  the  effects  of  gall  insects  on  different 
plants;  also  the  growth  of  calcified  corda  dorsalis  in  renewed 
tails  of  lizards ;  phenomena  which  ought  to  stimulate  the  reflec- 
tion of  any  one  who  may  be  disposed  to  explain  every  extra- 
ordinary structure  which  he  meets  with  by  deriving  it  from  a 
purely  hypothetical  ancestry.  Truly,  we  shall  not  find  the  full 
virtue  of  the  law  that  environment  modifies  living  forms,  unless 
we  appreciate,  as  has  never  been  done,  that  it  applies  to  every 
textural  unit  of  the  body,  and  that  every  vital  action  is  the 
result  of  living  particles  and  their  surroundings  acting  and 
reacting  one  on  the  other.  In  this  instance,  the  circumstance 
that  the  blastema  from  which  the  vertebral  laminee  have  been 
early  derived  has  been  thrown  outwards  must  have  modified  the 
pressure  to  which  they  have  been  subjected,  especially  on  the 
surfoces  usually  internal,  but  by  eversion  becoming  superficial. 

Another  instance  of  enlarged  development  as  a  collateral 
coDseqnenoe  of  a  larger  deficiency  is  seen  in  the  enlargement  of 
the  mesial  palatine  processes  of  the  intermaxillaries  in  connec- 
tion with  the  deft  palate  of  Specimen  IL  They  have  beauti- 
fully ^[panded  to  form  together  a  broad  groove  on  which  the 
vomer  rests,  exactly  as  one  sees  in  the  camivora  (fig.  3).  This  is 
the  typical  form  of  this  part  in  mammals,  but  it  is  not  found  in 
normal  cirtmmstances  in  man,  neither  is  it  found  in  apes  nor  in 
monkey&  Yet>  remaining  potentially  present,  and  as  if  sup- 
pressed for  so  long  by  mere  mechanical  causes,  the  peculiarities 
of  this  morphologically  important  part  of  the  skeleton  spring 
into  view  when  these  restraints  are  accidentally  removed. 

In  this  place  I  may  also  point  attention  to  a  phenomenon  to 
some  extent  illustrating  the  converse  of  the  principle  with 
regard  to  pressure  of  which  I  have  been  furnishing  examples. 
I  allude  to  the  collapsed  cranial  vault  in  anencephalus.  When 
rupture  has  been  complete,  the  blastema  from  which  the  roof 
bones,  such  as  the  parietals,  is  to  be  developed  is  quite  displaced, 
and  one  does  not  wonder  that  when  the  ossification  appears  it 
should  take  the  form  of  a  thicker  and  unexpanded  bone ;  but  in 
cases  such  as  Specimens  III.  and  IV.,  where  there  has  been'no 
rupture  in  the  frontal  and  parietal  regions,  one  sees  the  effect  of 
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the  absence  of  the  normal  distending  influence  on  the  vault 
exercised  by  the  growth  of  the  brain.  So  also  in  Specimen  IL 
the  vault  is  small  from  want  of  growth  of  the  brain,  while  in 
hydrocephalus  the  normal  centres  of  ossification  form  more 
expanded  plates  than  usual,  and  new  centres  of  ossification 
arise  around  them  to  supplement  them  when  they  fail 


The  Displacement  of  Viscera  m  Specimen  IV. 

Thoracic  hernia  of  abdominal  viscera  is  by  no  means  unknowiL 
Indeed,  it  occurred  in  Specimen  II.,  but,  owing  to  an  accident, 
the  parts  were  destroyed  without  being  properly  investigated. 
In  an  interesting  account  of  a  remarkable  case  of  hernia  dia- 
phragmatica  spuria  sinistra,  Wenzel  Gruber^  has  given  refer- 
ences to  a  number  of  cases  of  that  sort  previously  described. 
But  in  the  affection  so  named,  the  oesophagus  passes  into  the 
abdomen,  while  the  intestines  enter  the  thorax  by  a  deficiency 
in  the  left  side  of  the  diaphragm ;  while  in  the  specimen  which 
we  have  before  us,  although  there  is  in  like  manner  a  large  part 
of  the  alimentary  canal  lodged  in  the  thorax,  the  cause  and  the 
details  are  totally  different 

The  conmiencement  of  the  stomach  in  the  neck  at  the  level 
of  the  larynx  is  to  be  explained  by  recollecting  that  in  very 
early  foetal  life  the  stomach  is  seen  lying  longitudinally  in  the 
visceral  cavity,  with  its  oesophageal  extremity  immediately 
below  the  bifurcating  pouch  which  is  the  first  indication  of  the 
respiratory  organa  The  lungs,  as  they  develop,  descend  into 
the  visceral  cavity,  and  the  heart  descends  with  them,  while  the 
stomach  is,  as  it  were,  pushed  before  them,  and  the  oesophagus 
at  the  same  time  brought  into  being  by  the  descent  of  the 
stomach.  In  point  of  fact,  the  descent  of  the  oesophageal  end 
of  the  stomach,  and  the  consequent  turning  of  the  stomach  with 
its  left  side  foremost,  may  be  described  as  the  fundamental  cause 
of  the  lesser  sac  of  the  peritoneum.'  What  has  taken  place  in 
this  foetus  is,  that  at  an  early  period,  when  the  stimulation  took 
place  which  produced  the  spina  bifida,  the  spinal  cord,  the 

»  Virchow's  Archiv,  xlvii.  882. 

'  *'  The  Peritoneam  of  the  Haman  Subject  illnstrated  by  that  of  the  Wombat,*' 
Jawr.  AnaL  and  Phys,,  iv.  198,  M^^r  1870. 
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notoehord  and  the  commencemeDt  of  the  stomach  became  all 
finnly  united,  so  that  the  stomach  could  not  descend.  But  the 
thoracic  viscera  descending  as  usual,  the  diaphragm  shut  in  the 
thorax  below  at  the  usual  level,  which  happened  to  be  just  a 
litde  lower  than  the  level  to  which  the  pylorus  reached.  Thus 
the  narrow  neck  of  the  primary  loop  of  intestine  supplied  by  the 
superior  mesenteric  artery,  the  neck  formed  by  the  pylorus 
above,  and  the  middle  of  the  transverse  colon  below,  came  to  be 
placed  immediately  above  the  diaphragm.  Now,  it  is  certain 
that  the  growth  of  this  primary  loop,  as  I  pointed  out  many 
years  ago,  takes  place  in  two  stages, — the  first  a  growth  which, 
starting  near  the  pylorus,  forms  the  duodenum,  and  elongates 
the  whole  small  intestine ;  the  second,  a  growth  from  the  colic 
end  of  the  loop,  which  transfers  the  csecum  to  its  adult  position. 
Id  this  instance  both  ends  of  the  loop  were  above  the  diaphragm, 
therefore  both  stages  of  growth  went  on  within  the  thorax,  and 
the  condition  of  matters  was  brought  about  which  was  found. 
Also,  the  duodenum  being  developed  within  the  thorax,  and  the 
coeliac  axis  coming  off  from  the  thoracic  aorta,  and  the  portal 
vein  being  fed  from  branches  within  the  thorax,  it  naturally 
resulted  that  the  portal  fissure  of  the  liver  was  pulled  upon,  and 
that  the  Spigelian  lobe  became  visible  within  the  thorax. 

Post-Anal  Dimple. 

In  Specimens  I.  and  VI.  I  have  stated  that  there  was  a  post- 
anal dimple.  In  both  cases  it  was  closely  adherent  to  the  tip  of 
the  coccyx.  The  depression  was  of  a  very  distinct  character, 
but  expressed  by  the  word  dimple.  Such  a  depression  has,  as 
Professor  Turner  kindly  points  out  to  me,  been  mentioned  as  an 
occasional  occurrence  by  Luschka,^  Hyrtl,^  and  Ecker,^  and,  ac- 
cording to  Mr.  Lawson  Tait,^  is  by  no  means  uncommon ;  but  it 
is  only  recently  that  it  has  attracted  my  attention.    I  have 

1  AfuUcmie  dea  Menachlichen  Beekens,  1864,  p.  57. 

'  Topogr.  AiuU,,  6th  edition,  p.  184. 

»  Ank^,  fkr  Anthropologie,  1879,  xii.  p.  188.  Frofesaor  Turner  also  telU  me 
that  about  twenty  years  ago  he  saw  a  well-marked  post-anal  dimple  in  an  adult 
male,  and  has  a  cast  of  the  region  in  his  possession.  He  subsequently  saw 
another  example  in  a  living  male  child  shown  to  him  by  Dr.  Arthur  Gamgee. 

4  "  On  the  Occurrence  of  a  Sacral  Dimple,"  BepaH  Brit,  Assoc  Science,  1878. 
VOL.  XVIL  T 
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only  seen  one  instance  of  a  large  and  deep  dimple  in  the  adolt 
It  was  in  a  female  subject,  and  the  pelvis  was  preserved.  It 
exhibits  a  sacram  of  very  remarkable  appearance,  there  being 
bat  a  slight  longitudinal  concavity  on  its  anterior  surface,  while 
posteriorly  the  tip  lies  in  a  straight  line  with  the  extremities 
of  the  spines.  It  is  4^  inches  broad  at  the  base,  and  3f  inches 
long,  with  a  coccyx  only  half  an  inch  long  thoroughly  united  with 
it.  In  the  anatomical  collection  in  this  University  there  is  only 
one  other  example  of  straight  sacrum.  In  it  a  rod  laid  along  the 
front  of  the  upper  sacral  vertebrae  lies  more  than  half  an  inch  in 
front  of  the  lower  end,  but  there  is  a  well-developed  coccyx,  and 
the  length  of  the  sacrum  is  5^  inches. 

Altogether,  I  have  no  doubt  that  the  shortness  of  the  sacrum 
from  the  subject  with  the  dimple  was  the  result  of  arrest  of 
growth  in  the  notochord,  and  that  a  well-marked  dimple  in  the 
position  described  always  results  from  that  cause. 

The  Varieties  of  Lumbar  and  Sacral  Spina  Bifida. 

Since  writing  these  pages.  Dr.  Morton  of  this  city,  whose  suc- 
cessful treatment  of  spina  bifida  is  justly  a  subject  of  interest  to 
the  profession,  has  attracted  my  attention  to  the  question  of  the 
position  of  nerves  in  cases  coming  before  the  suigeon ;  and  with 
hira  I  have  looked  at  the  specimens  in  William  Hunter's  collec- 
tion in  the  University  of  Glasgow. 

Of  preparations  from  ten  different  cases,  only  two  have  the 
tumour  completely  covered  with  true  skin.  One  of  these  (49a) 
is  a  tumour  f  inch  in  diameter.  In  it  the  cavity  shows  on  the 
deep  side  a  slight  linear  depression  as  if  communicating  with 
the  cord  which  is  situated  in  front ;  and  on  one  side  the  deep 
wall  is  dissected  away,  showing  the  sacral  nerves  lying  normally 
and  coming  from  a  level  above  the  linear  depression.  The  other 
skin-covered  specimen  (47)  is  large.  It  was  unopened;  but 
with  the  kind  permission  of  Professor  Young,  the  curator  of  the 
Hunterian  Museum,  I  have  opened  into  it,  and  find,  as  I  ex- 
pected, the  cord  in  this  instance  also  on  the  deep  side  of  the 
dropsical  cavity.  This  I  expected,  because  I  judged  that  such 
a  tumour  must  be  the  result  of  delayed  closure  of  the  cord,  or 
reopening  of  its  canal  behind  at  an  early  date.    In  the  bottom 
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of  the  cavity  there  is  a  depression,  in  connection  with  which  the 
cord  seems  to  end ;  at  the  same  time  there  is  a  communication 
with  the  arachnoid  space. 

Without  entering  into  detailed  description  of  the  other  speci- 
mens, it  may  be  stated  that  they  all  of  diem  present  membrane 
of  a  non-cutaneous  kind  on  part  of  their  surface.  In  some  of 
them  the  cord  seems  to  end  distinctly  in  connection  with  the 
superficial  membrane.  Some  show  the  nerves  of  opposite  sides 
coming  off  from  the  membranous  surface  crowded  together  in 
the  middle  line,  there  being  evidently  dropsy  of  the  anterior  sac 
of  the  arachnoid  to  such  an  extent  as  to  lead  to  obliteration  of 
the  posterior  sac.  In  others  the  nerves  arise  from  the  covering 
of  the  tumour  in  two  series,  which  may  be  marked  on  the  sur- 
face by  punctiform  depressions  at  their  attachments,  or  which 
may  spring  from  the  lines  of  junction  between  a  central  mem- 
branous part  of  the  tumour  and  two  lateral  skin-covered  parts. 

For  practical  purposes,  spina  bifida  may  be  described  as 
divisible  into  two  kinds,  the  skin-covered  and  the  membranous. 
The  skin-covered  are  posterior  to  the  spinal  nerves ;  the  mem- 
branous are  traversed  by  nerves  which  arise  from  the  membrane. 
But  it  ought  to  be  understood  that  these  nerves  proceed  to  the 
intervertebral  foramina,  and  have  no  connection  with  developed 
spinal  cord. 


EXPLANATION  OF  PLATES  XL  AND  Xn. 

Fig.  1.  Basal  view  of  brain  of  Specimen  III.,  about  two-thirds  of 
natural  size,  a,  a,  The  portions  of  the  hemispheres  which  were  con> 
tained  within  the  cranium,  each  exhibiting  a  dropsical  hollow,  the 
whole  mass  beneath  the  constriction  lay  outside  the  skull ;  6,  h, 
elongated  cranial  nerves;  c,  medulla  oblongata;  d^  enormously  en- 
kig^  infundibulum  with  vestiges  of  optic  commissure  and  nerves  in 
front  of  it ;  «,  e,  dura  mater  partially  removed  from  the  hemispheres  ; 
/,  /,  vestiges  of  henuspheres  of  cerebellum. 

Fig.  2.  Cervical,  dorsal,  and  four  lumbar  vertebrce  of  Specimen  IL 

Fig.  3.  Skeleton  of  cleft  palate,  showing  the  arrangement  of  the 
vomer  and  intermaxillaiy  bones  of  Specimen  III. 

Hg.  4.  View  of  the  displacement  of  viscera  in  Specimen  IV. 
a,  ear ;  &,  symphysis  of  lower  jaw ;  e,  thyroid  gland  covering  the  larynx ; 
J,  d^  lungs;  e,  heart;  /,  placed  on  the  bodies  of  cervical  vertebras^ 
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above  the  brachial  plexus  and  the  gap  which  separates  the  right  from 
the  left  moieties  of  vertebral  bodies  and  gives  passage  to  the  tissae 
which  binds  the  stomach  to  the  dura  mater ;  g,  stomach ;  h,  spleen ; 
t,  vermiform  appendage  of  c®cum ;  k,  diaphragm ;  /,  liver ;  wi,  umbilical 
cord ;  n,  cord  left  by  obliterated  omphalo-mesenteric  vessel  (cord  of 
Allen) ;  o,  rectum ;  p,  urinary  bladder ;  q,  lobulus  Spigelii ;  r,  upper 
end  of  the  obliterated  omphalo-mesenteric  vessel 

Fig.  5.  Dorsal  and  four  upper  lumbar  vertebrsB  of  Specimen  I. 

Fig.  6.  Portion  of  brain  and  spinal  cord  of  Specimen  L  a,  corpora 
quadrigemina ;  b,  &,  hemispheres  of  cerebellum,  with  vallecula  and 
vermiform  process  almost  completely  separating  them ;  c,  the  extremity 
of  the  enormously  elongated  nodule ;  c7,  the  recess  in  which  the  point 
of  the  nodule  lay,  aad  above  it  the  opening  of  the  central  canal 
into  the  elongated  4th  ventricle ;  e,  the  section  of  the  spinal  cord, 
showing  a  dilatation  of  the  central  canal  which  has  been  ripped  open 
and  found  to  end  blindly  without  reaching  up  to  the  4th  ventricle. 

Fig.  7.  Cerebellum,  medulla  oblongata,  and  spinal  cord  of  Speci- 
men XL,  seen  from  behind,  a,  The  lower  end  of  the  part  of  the  cord 
flattened  out  in  continuation  of  the  4th  ventricle. 

Fig.  8.  Membranous  area  of  spina  bifida,  and  the  tumour  oontain- 
ing  the  brain,  of  Specimen  lY.  The  tumour  has  been  cut  into  by 
means  of  a  transverse  section ;  and  the  upper  part,  a,  of  its  wall 
has  been  thrown  forward  from  its  natural  position  continuous 
with  the  cut  edge  b ;  below  a  is  seen  the  falx  cerebri ;  beside  6  is  a 
foramen  opening  into  the  interior ;  c,  c,  right  hemisphere  partially  cut 
across  by  the  transverse  section';  d,  left  hemisphere  a  good  deal 
injured ;  e,  e,  basal  ganglia ;  /,  membranous  area  over  spina  bifida ; 
<7,  delicate  membrane  stretched  across,  limiting  a  dropsy  of  the  4th 
ventricle. 

Fig.  9.  Integuments,  roots  of  nerves,  and  membranes  removed  from 
over  the  skull  and  spinal  column  of  Specimen  YL,  and  seen  from  the 
deep  aspect,  a.  Basal  view  of  the  small  hollow  tumour  representing 
the  brain;  and  below  a,  the  basilar  artery  bifurcating;  b,  a  tough 
fibrous  thickening  of  the  dura  mater  where  it  projects  forwards  into 
the  depression  between  the  skull  and  the  vertebral  column ;  c,  c,  two 
strips  of  dura  mater,  from  which  emerge  the  right  and  left  spinal 
nerves ;  d^  anterior  sac  of  the  arachnoid,  or  that  part  which  lies  be- 
tween the  origins  of  nerves  of  the  right  and  left  sides ;  e,  e^  the  right 
and  left  moieties  of  the  posterior  sac  of  the  arachnoid ;  /,  /,  fifth 
cranial  nerves. 

Fig.  10.  Magnified  view  of  Specimen  X.,  an  embryo  chick  which 
has  deviated  from  normal  development  about  the  end  of  the  first  day 
by  exaggerated  growth  of  the  epiblast,  which  has  become  folded  and 
friUed. 

Fig.  11.  Magnified  view  of  a  chick  f-inch  long,  seen  from  the  left 
The  upper  aspect  of  the  bare  encephalon  is  seen,  and  at  its  back  part 
the  caLunus  scriptorius  continuous  with  the  central  canal 

Fig.  12.  View  of  the  head  of  the  same  from  the  right,  showing  the 
common  orifice  of  the  mouth  and  ears,  and  the  small  cyclopian  eye. 


Digitized  by 


Google 


THE  MINUTE  STEUCTUEE  OF  THE  PALATINE 
NEEVES  OF  THE  FEOG,  AND  THE  TEEMINATION 
OF  NEEVES  IN  BLOOD-VF^SELS  AND  GLANDS. 
By  William  Stirling,  M.D.,  ScD.,  Professor  of  the  Insti- 
tutes of  Medicine,  and  James  F.  Macdonald,  Student  of 
Medicine  in  the  University  of  Aberdeen.    (Plate  XIII.) 

(From  the  Physiological  Laboratory,  University  of  Aberdeen.) 

In  his  Lefons  sur  Vhistologie  du  Sydhne  n^rveux}  Eanvier 
mentioDs  that  he  uses  the  mucous  membrane  covering  the  hard 
palate  of  the  frog  as  a  convenient  source  for  obtaining  nerve 
fibres  for  the  study  of  Henle's  sheath.  As  this  membrane  is  not 
attached  to  the  bone  which  it  covers,  but  is  separated  from  it  by 
a  lymph  sac,  it  is  easy  to  detach  the  membrane  and  examine  it 
On  doing  so,  what  strikes  one  most  of  all  is  the  particularly 
dense  plexus  of  meduUated  nerve  fibres  which  can  be  seen  when 
its  deep  surface  is  examined.  The  following  investigation  was 
undertaken  with  a  view  to  determine  the  arrangement  and  mode 
of  termination  of  these  nerve  fibres. 

Arrangement  of  the  Palatini  Membrane, — When  the  frog's 
mouth  is  opened  the  palatine  arch  is  seen  to  be  covered  by  a 
membrane,  which  is  continuous  behind  with  the  mucous  mem- 
brane of  the  oesophagus,  while  in  front  it  is  firmly  attached  to 
the  maxillary  and  pre-maxillary  bones  along  the  line  of  the 
gums.  Between  it  and  the  osseous  lamellae  of  the  hard  palate 
there  exists  a  well-defined  lymph  space,  so  that,  as  remarked  by 
Eanvier,  when  its  connection  with  the  oesophagus  is  severed,  it 
is  easily  raised  from  behind  forwards,  a  few  touches  with  scissors 
being  sufficient  to  divide  the  nerves  and  blood-vessels,  which 
enter  it  near  its  posterior  maigin.  In  this  region,  near  the 
posterior  edge  of  the  orbit,  is  the  trigeminal  foramen,  which 
transmits  the  fifth  nerve. 

Arrangement  of  the  Nerves. — ^The  foramen  lies  between  the 
prootic  and  transverse  part  of  the  parasphenoid,  and  is  near  the 
posterior  and  inner  edge  of  the  orbital  cavity.    Before  it  reaches 

1  Vol.  i.  p.  168. 
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this  foramen  the  nerve  has  divided  into  three  chief  branches  at 
the  Gasserian  ganglion,  which  pass  through  this  foramen  to  their 
area  of  distribution.  According  to  R  Wiedersheim^  and  De 
Watteville,^  it  is  a  purely  sensory  nerve,  as  no  motor  root  has 
been  discovered. 

The  three  piimary  branches  of  the  trigeminus  are — (1)  the 
maxillary ;  (2)  the  branch  to  the  orbital  and  nasal  cavity,  or 
orhito-nasal ;  and  (3)  the  palatine.  Our  observations  refer  more 
especially  to  the  palatine  branch.  The  palatine  nerve,  after 
passing  out  of  the  foramen,  runs  straight  forwards  on  the 
deep  surface  of  the  palatine  membrane,  accompanied  by  an 
artery  and  a  vein.  It  passes  to  the  inner  side  of  the  levator 
bulbi.  During  its  course  it  runs  parallel  with  the  longitudinal 
part  of  the  parasphenoid.  The  nerves  of  each  side  are  at 
equal  distances  from  the  middle  line  of  the  palate,  and  are 
parallel  with  each  other.  Opposite  the  point  of  the  sphenoid 
the  nerve  divides  into  three  branches  of  unequal  size.  The 
smallest  is  directed  to  the  Harderian  gland.  This  branch  13 
divided  when  the  membrane  is  isolated.  The  next  branch  has 
the  original  direction,  and  is  intermediate  in  size ;  crossing  the 
inner  end  of  the  palate  bone,  it  passes  through  a  foramen  in  the 
vomer.  In  its  course  it  gives  off  branches.  It  then  lies  amongst 
the  ducts  of  the  inter-maxillary  gland,  which  it  supplies  with  a 
number  of  fine  branches  (Wiedersheim).  One  of  its  chief 
branches  pierces  the  anterior  border  of  the  ethmoid  cartilage, 
and  reaches  the  "  inter-maxillary  space  "  and  its  glands,  where 
it  anastomoses  with  one  or  two  fibres  of  the  supra-maxillaiy 
branch  of  the  trigeminus.  According  to  De  Watteville,  after 
passing  through  the  foramen  in  the  vomer,  it  continues  its  course 
forwards  and  slightly  outwards,  joins  a  communicating  branch 
of  the  orbito-nasal,  and  is  distributed  to  the  mucous  membrane 
of  the  region.    It  is  known  as  the  vomerine  branch. 

The  third  branch,  the  maxillary,  is  the  largest  of  the  three. 
At  the  anterior  end  of  the  parasphenoid  it  makes  a  sharp  bend 
outwards  and  forwards.  It  describes  a  semicircle  round  the 
anterior  edge  of  the  orbital  cavity,  passing  along  the  anterior 
side  of  the  palatine  bone.    It  then  disappears  from  the  mem- 

*  Die  Anatwnie  des  Frosches  (Ecker)  Zweite  Abth.  p.  21. 
»  .  '  Jour,  o/AfuU.  and  Phys.,  vol.  ix.  p.  146. 
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brana  Aocording  to  'Wiedorsheim,  when  near  the  junction  of 
the  palatine  bone  with  the  anterior  end  of  the  pterygoid,  it 
pierces  the  fibrous  membrane,  between  the  bnlbus  oculi  and  the 
pterygoid  process.  Here  it  anastomoses  with  the  superior  maxil- 
lary branch  of  the  trigeminus,  and  is  distributed  along  with  it 
to  the  skin  of  the  upper  lip  and  cheek.  The  above  description 
is  fundamentally  the  same  as  that  given  by  Wiedersheim.* 

ArrangemtTU  of  the  Plexus  of  Nerves  in  the  Palatine  MembrwM. 
— ^The  general  arrangement  and  ramifications  of  the  palatine 
branches  are  seen  in  Plate  XIII.  fig.  1.  The  nerve  and  its  chief 
Imuiches  lie  on  the  deep  surface  of  the  membrane,  but  the  finer 
branches  pierce  the  substance  of  the  membrane,  to  be  distri* 
boted  wiAin  it.  At  the  posterior  part  of  the  membrane, 
where  the  nerves  and  vessels  enter  it  (fig.  1,  a),  besides  the  pala- 
tine nerve  proper,  we  have  a  number  of  other  smaller  nerves, 
which  radiate  from  this  point  in  several  directions.  These  are 
mostly  branches  of  the  trigeminus,  together  with  one  small 
branch  known  as  the  palatine  branch  of  the  seventh  nerve. 
This  nerve  passes  outwards,  and,  according  to  "Wiedersheim,  it 
anastomoses  with  the  branches  of  the  trigeminus  supplying  the 
gOHie.  From  this  centre  (a)  seven  to  eight  small  nerves  radiata 
These  supply  the  posterior  part  of  the  palatine  membrane.  They 
give  off  very  fine  branches,  which  occasionally  anastomose  with 
each  other.  Those  at  the  outer  part  anastomose  with  the  branchea 
of  the  palatine  nerve  which  run  back  along  the  line  of  the 
gums,  and  also  with  twigs  given  off  from  the  main  trunk  of  the 
palatine  nerve.  Their  ultimate  ramifications  are  very  fine,  and 
even  in  a  small  area  the  microscope  reveals  a  rich  nervous 
supply.  The  greater  number  of  the  larger  branches  have  a  very 
serpentine  course.  This  remarkable  tortuosity  is  not  obliterated 
by  stretching  the  membrane,  as  may  be  seen  when  it  is  pinned 
out  on  a  piece  of  cork.  This  tortuosity  was  noticed  by 
Sanvier. 

The  palatine  nerve  proper,  in  passing  forwards,  gives  off  a 
great  number  of  fine  twigs,  and  also  three  or  four  larger  brauchea. 
One  of  the  latter  arises  shortly  after  the  palatine  nerve  joins  the 
membrane.  This  branch  is  of  good  size,  and,  running  forwards 
in  the  same  direction  as  the  parent  trunk,  is  chiefly  distributed 

1  Loc'ciL 
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towards  the  middle  line  of  the  palate,  and  also  externally  in  that 
part  of  the  membrane  lying  upon  the  orbit  These  smaller 
twigs  anastomose  with  the  branches  coming  from  the  parent 
trunk.  A  very  fine  plexus  of  fibres  is  thus  formed  in  that 
part  of  the  membrane  over  the  orbit  This  plexus  com- 
municates freely  with  small  twigs  from  the  recurrent  part  of 
the  nerve  upon  the  gums.  After  the  chief  nerve  has  turned  out- 
wards (fig.  1,  d)  along  the  anterior  border  of  the  palate  bone,  it 
gives  off  two  large  branches,  which  follow  the  course  of  the 
original  trunk  as  far  as  the  edge  of  the  gums.    The  most  anterior 

(e)  of  the  three  nerves  sends  one  or  two  branches  forwards  along 
the  gums,  and  then  pierces  the  deeper  parts.    The  middle  branch 

(f)  sends  backwards  one  or  two  similar  branches  along  the  outer 
wall  of  the  orbit,  as  far  as  its  posterior  angle,  and  then,  piercing 
deeper  parts,  leaves  the  membrane.  The  posterior  nerve  (g) 
turns  backwards  into  that  part  of  the  membrane  overlying  the 
orbit,  and  joins  the  fine  plexus  in  this  part  This  plexus  is  the 
most  striking  part  of  the  nerve  supply.  It  is  shown  in  fig.  1 
(at  X'X).  It  is  formed  of  anastomosing  and  branching  fibres. 
Some  of  the  fibres  of  one  branch  join  a  neighbouring  branch. 
Some  of  them  appear  to  be  true  recurrent  nerves,  for,  after  anas- 
tomosing, in  many  cases  their  direction  changes,  and,  instead  of 
following  a  peripheral  course,  they  seem  to  return  upon  them- 
selves, and  form  true  recurrent  fibres. 

The  nerve-supply  on  the  two  sides  of  the  same  palate  cor- 
responds exactly  even  to  minute  details.  The  number  and 
arrangement  of  the  nerves  is  similar  in  both.  If  we  compare 
the  palatine  membrane  of  several  frogs,  we  may  see  that  the 
mode  of  nerve-distribution  is  quite  similar,  and  that  they  corre- 
spond almost  exactly  in  the  final  distribution  of  the  nerves. 

Method  of  Preparation. — In  order  to  see  clearly  the  coarser 
plexus  just  described,  the  palatine  membrane  is  prepared  in  the 
following  way : — The  frog's  head  having  been  cut  ofi*,  so  as  to 
include  the  whole  mucous  membrane  of  the  hard  palate  and 
pharynx,  and  the  lower  jaw  being  removed,  the  head  is  now  put 
into  a  solution  of  chromic  and  nitric  acids,  and  left  in  it  for  about 
ten  days,  the  fluid  being  renewed  once  or  twice.  In  ten  days 
the  membrane  has  become  somewhat  hard  and  quite  translucent 
Before  mounting  it  the  epithelium  covering  it  should  be  removed 
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gently  by  a  scalpel,  in  order  to  increase  the  clearness  of  the 
object.  It  is  then  washed  in  water,  and,  after  the  acids  have 
been  lemoved  by  sufficient  immersion  in  water,  it  is  mounted  in 
glycerine,  whereby  the  plexus  is  rendered  quite  distinct  A 
better  plan  is  to  employ  the  fluid  used  by  Freud,^  consisting  of 
a  mixture  of  water,  glycerine,  and  nitric  acid,  containing  nitrous 
-acid.  In  two  or  three  days  this  method  renders  the  membrane 
more  transparent  than  the  above  method,  and  the  epithelium  is 
easily  removed  by  scraping.  The  nerves  may  be  fixed  by  sub- 
sequent immersion  for  several  hours  in  a  1  per  cent,  solution  of 
oemic  acid. 

Again,  the  plexus  may  be  shown  by  "  fixing"  the  elements  of 
the  membrane  by  oemic  acid  solution  (2  per  cent.),  having  pre- 
viously pinned  it  out  on  a  piece  of  cork.  When  the  nerves  have 
been  sufficiently  acted  on-*i.^.,  in  from  10  to  15  minutes — the 
specimen  is  removed  from  the  acid,  washed  with  water,  and 
mounted  in  glycerine. 

Arrangement  of  the  Blood-Vessels. — ^The  general  arrange- 
ment of  the  blood-vessels  corresponds  closely  with  that  of 
the  nerves.  The  chief  artery  and  vein  of  the  palate  are 
arranged  beside  the  palatine  nerva  Their  branches  are  given 
laterally  in  much  the  same  order  as  the  branches  of  the 
nerva  At  the  front  end  of  the  parasphenoid,  where  the 
n^rve  breaks  up  into  its  primary  branches,  the  artery  runs  for- 
wards with  the  vomerine  branch.  Then  it  gets  into  the  region 
of  the  ducts  of  the  intermaxillary  gland,  and  it  gives  off  a 
number  of  large  branches  which  soon  break  up  into  a  plexus 
of  smaller  vessels  which  anastomose  very  freely.  At  other 
parts  of  this  membrane  there  is  also  to  be  found  free  arterial 
anastomoeea  All  these  vessels  are  situated  on  the  deeper 
sorfoce  of  the  membrane,  but  as  they  become  smaller  in  size, 
they  penetrate  more  towards  the  buccal  surfaca  At  parts 
a  fine  capillary  network  appears  just  under  the  buccal  surface. 
The  meshes  of  this  network  are  very  r^[ular,  leaving  quadri- 
lateral spaces  between  them.  After  staining  with  picrocarmine, 
the  structure  of  the  arteries  and  veins  comes  out  very  distinctly. 
In  the  tunica  adventitia  a  regular  series  of  stellate  pigment  cells 
is  to  be  seen.     These  cells  are  more  thickly  set  the  larger  the 

»  W.  Stirling,  Text-Book  of  Histology,  1882,  p.  84. 
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calibre  of  the  vessel  becomes,  and  they  are  more  numeitras 
around  the  arteries  than  the  veins. 

Plexus  of  Medullated  Nerve  Fibres. — The  rich  plexus  of  nerves 
which  exists  on  the  deep  surface  of  the  palatine  mucous  meio- 
brane"  consists  chiefly,  but  not  exclusively,  of  meduUated  nerve 
fibres.  If  thin  shreds  of  the  deeper  layers  of  the  membrane  be 
torn  off  after  exposure  to  osmic  acid,  and  it  the  shreds  be 
stained  with  picrocarmine  (twenty-four  hours)  we  obtain  a 
good  view  of  the  arrangement  and  nature  of  the  fibres.  We 
discover  that  a  laige  number  of  ganglion  cells  lie  scattered 
amongst  the  fibres,  and  they  occur  in  groups  of  two,  three,  or 
more,  chiefly  where  a  division  of  the  nerve  takes  place,  although 
they  are  by  no  means  confined  to  the  points  of  division.  A  nerve 
trunk  may  contain  ten  to  fifteen  or  more  medullated  nerve 
fibres,  which  are  enclosed  in  a  sheath  of  Henle  provided  as  usual 
with  an  endothelial  lining.  The  nerves  sometimes  change  their 
relations  within  the  sheath.  A  few  non-medullated  fibres  exist 
along  with  these  fibres.  Between  the  sheath  and  the  included 
fibres  there  exists  a  space,  which  is  to  be  regarded  as  a  lymph- 
space. 

These  larger  nerves  may  divide  into  two  or  three  smaller 
bundles,  or  they  may  sometimes  give  off  branches  laterally  con- 
taining two  to  six  nerve  fibres.  These  small  bundles  subdivide  still 
further,  until  there  are  only  one  or  two  fibres  running  together. 
Ultimately  the  nerves  are  composed  of  single  medullated  fibres. 
The  course  of  these  branches  is  by  no  means  in  the  direction  of 
the  parent  trunk,  but  is  in  the  form  of  a  plexus  or  network. 
Sometimes  the  branches  anastomose,  but  generally  they  cross 
each  other's  path.  This  crossing  takes  place  at  different  planed 
in  the  membrane,  so  that  the  fibres  do  not  come  into  contact 
If  vertical  sections  of  the  membrane  are  examined,  the  arrange* 
ment  may  be  readily  made  out  The  palatine  nerve  and  its 
largest  branches  run  along  just  under  the  deep  surface  of  the 
membrane,  being  attached  to  this  surface  by  fibres  of  connective 
tissue.  The  larger  branches  lie  between  the  deeper  planes  of 
the  membrane,  but  on  coming  nearer  to  the  buccal  sur&ce,  the 
size  of  the  nerve  bundles  becomes  less.  In  vertical  sections  of 
the  palate  they  are  often  cut  obliquely,  while  at  other  times 
they  are  cut  longitudinally. 
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In  all  these  bandies  it  is  very  evident  that  the  sheath  does 
not  lie  closely  on  the  nerve  fibres,  but  a  small  space  intervenes 
between  them.  As  pointed  out  by  Strieker,  this  is  no  doubt 
a  lymph-space.  A  similar  lymph-space  was  observed  by  Eiein,^ 
in  the  nerve  plexus  of  the  nictitating  membrane  of  the  frog.  At 
the  point  of  division  of  the  bundles  it  is  often  evident  that 
besides  a  simple  separation  of  the  fibres,  a  tnie  division  of  some 
ni  the  nerve  fibres  into  two  fibres  takes  place.  This  is.  well 
seen  in  the  small  bundles  containing  two  to  four  nerve  fibres,  as 
we  may  count  a  greater  number  of  fibres  in  the  branches  than  in 
the  parent  trunk.  At  the  planes  of  division  of  the  trunks  the 
sheath  of  Henle  on  the  branches  becomes  continuous  with  that 
on  the  trunk. 

ArrangemeTU  and  Structure  of  the  Ganglion  Cells. — As  already 
mentioned,  numerous  ganglion  cells  occur  in  connection  with 
tiiis  plexus  (PI.  XIII.  fig.  2).  These  ganglion  cells  are  fre- 
quently situated  at  the  point  of  division  of  the  bundles,  but  they 
may  be  also  found  at  other  parts.  They  are  not  arranged  in  large 
groups,  but  are  placed  at  intervals  along  the  course  of  the  fibres, 
while  two,  three,  or  more  cells  may  be  situate  near  each  other  at 
the  point  of  division  of  the  bundles,  where  they  are  most  nume- 
rous. They  are  always  enclosed  in  Henle's  sheath — (in  addition  to 
iheir  own  capsule) — which  is  slightly  raised  opposite  where  they 
occur.  Nor  does  the  sheath  lie  directly  upon  them,  being  sepa- 
rated from  tiiem  by  its  endothelial  lining.  If  we  examine  the  cell 
closely  with  a  Na  8  lens,  and  with  the  tube  of  the  microscope 
drawn  out,  we  readily  make  out  the  following  structure : — ^The 
cell  has  an  ovoid  shape,  with  a  well-defined  capsule,  which  is  lined 
by  endothelial  cells  whose  nuclei  are  apparent,  seen  either  on 
edge  or  en  face  within  the  capsule ;  the  body  of  the  cell  consists 
of  so-called  "  granular  "  protoplasm.  Towards  the  narrow  end 
of  the  cell  the  protoplasm  is  continued  outwards  as  a  straight 
fibre  or  process.  This  straight  process  passes  into  the  nerve 
bundle,  and  sometimes  it  seems  to  join  a  non-meduUated  fibre. 
Axel  Key  and  Betzius  represent  the  sympathetic  nerve  cells  of 
the  frog  with  the  spiral  fibre  continuous  with  a  medullated 
fibre,  while  the  straight  fibre  remains  non-meduUated.  The 
broader  end  of  the  cell  is  composed  of  a  large  mass  of  granular 

*  Quarterly  Journal  of  Afieros.  Science,  voL  xii.  p.  28, 
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protoplasm  fiUiog  up  the  capsule,  but  where  the  straight  process 
comes  off,  the  cell  wall  becomes  more  distinct  from  the  proto- 
plasm, and  a  considerable  space  intervenes.  By  altering  the 
focus  upwards  or  downwards  a  little,  it  is  easily  made  out  that 
this  space  is  occupied  by  a  fibre  which  winds  spircUly  round  the 
straight  process,  the  ynral  fibre  of  Beale  and  Arnold.  This  fibre 
is  finer  than  the  straight  process.  The  coils  of  the  spiral  become 
closer,  and  the  diameter  of  the  coil  greater  as  it  encroaches  more 
and  more  on  the  protoplasm  of  the  celL  This  spiral  surrounds 
at  least  one-third  of  the  protoplasm  of  the  cell.  The  peripheral 
end  of  this  spiral  process  runs  along  with  the  straight  process 
into  the  nerve  bundle,  and  both  are  surrounded  with  the  capsule 
which  forms  a  sheath  for  them.  Banvier^  has  figured  the  spiral 
process  as  piercing  the  sheath,  and  coming  into  relation  with 
the  straight  process  of  the  ganglion  cell  His  description  ap- 
plies to  the  ganglion  cells  found  on  the  vagus  ganglion  of  the 
frog.  We  have  not  been  able  to  make  out  the  same  arrange- 
ment in  these  ganglion  cells.  At  the  laiger  end  of  the  cell, 
placed  eccentrically  in  the  mass  of  protoplasm,  is  a  spherical 
nucleus,  with  a  nuclear  envelope,  and  the  nucleus  contains  a 
small  well-defined  nucleolus.  This  nucleus  is  situated  at  the 
end  of  the  cell  furthest  away  from  the  straight  process.  There 
was  no  evidence  of  any  connection  between  it  and  either  of  the 
processes.  These  cells  are  in  fact  practically  the  same  as  those 
that  occur  in  the  sympathetic  system  of  the  frog,  and  which 
have  been  described  in  other  parts  of  the  frog's  body  by  many 
observer&  It  would  therefore  seem  that  these  cells  have  a  very 
wide  distribution,  for  they  occur  in  the  sympathetic  system,  the 
heart,  the  vagal  ganglia  (Eanvier),^  and  in  the  lung  (Arnold,^ 
and  W.  Stirling).* 

Fleams  of  Non-MeduUated  Fibres. — ^Before  describing  the  dense 
network  of  non-medullated  fibres,  a  short  account  of  the  struc- 
ture of  the  palatine  membrane  is  necessary.  In  transverse  sec- 
tions of  specimens  hardened  in  chromic  and  nitric  acid  solutions, 
and  stained  with  picrocarmine,  or  of  those  prepared  by  the  gold 

^  TraiU  technique  cTffistologie,  p.  842. 

•  TraiU  technique  cTHistologie,  p.  842. 

•  Vircliow*8  ArchiVf  xx?iiL  1868. 

«  Read  at  the  Royal  Society,  16th  Dec.  1882 


Digitized  by 


Google 


MINUTE  STRUCTURE  OF  PALATINE  NERVES  OF  THE  FROG.   301 

chloride  method,  the  structure  is  very  well  seen.  On  the  whole, 
it  has  a  striking  resemblance  to  that  of  the  cornea — fibrous 
lamellae  and  stellate  branched  cell-spaces.  In  the  deeper  parts 
of  the  membrane  the  texture  is  looser.  Here  the  cell-spaces  are 
fusiform  and  less  ramified,  and  the  fibrous  nature  of  the  lamellse 
is  very  distinct  To  see  this  fibrous  matrix  more  readily,  a 
transverse  section  should  be  well  teased.  The  fibres  lie  in 
the  san\e  horizontal  plane  generally  parallel  to  each  other, 
and  do  not  interlace  much  with  those  above  or  below  them. 
The  spaces  seem  at  first  sight  to  be  branched  cells,  as  they  have 
a  dark  outline,  especially  in  the  gold  preparations,  and  deeply- 
stained  corpuscles  are  found  to  occupy  the  spaces  exactly  as  in 
the  cornea.  As  we  approach  the  buccal  surface  of  the  mem- 
brane the  texture  becomes  denser ;  the  spaces  are  more  stellate 
and  ramified,  and  their  processes  join  those  of  similar  spaces  above 
and  below  them.  Still  the  layers  are  generally  noticed  to  be 
parallel  with  the  buccal  surface.  Just  under  the  epithelium 
there  is  a  rich  capillary  plexus  seen  in  section.  The  epithelium 
on  the  surface  consists  of  oval  or  columnar  cells,  with  cilia  on 
their  peripheral  end.  Their  central  end  is  narrowed,  and  fits  in 
b^ween  a  layer  of  smaller  cells  lying  on  the  surface  of  the 
membrane.  These  smaller  cells  are  apparently  in  process  of 
development,  as  other  cells  intermediate  in  size  between 
these  and  the  full}'  developed  ciliated  cell  may  be  found.  The 
fully  developed  cell  is  oval,  and  has  clear  contents,  with  an  oval 
nucleus  at  the  lower  end.  Its  central  end,  as  mentioned  above, 
is  set  on  the  surface  of  the  membrane;  its  peripheral  end  is 
covered  by  a  thick  clear  band,  and  through  this  the  cilia  pass 
out  This  thickened  baud  or  cuticle  overlies  all  the  cells  of  the 
membrane,  with  the  exception  of  the  goblet  cells,  which  are 
numerous.  Between  these  epithelial  cells  lie  a  great  number  of 
goblet  cells.  The  characters  of  both  kinds  of  cells  have  been 
described  by  Professor  Michael  Foster  in  the  Journal, 

Between  this  layer  of  cells  and  the  fibrous  tissue  there  is  uo 
distinct  limiting  or  basement  membrane.  To  make  out  the 
plexus  of  nerve  fibrils  gold  preparations  are  alone  serviceable. 
If  thin  sections  be  shaved  from  either  surface  of  the  membrane, 
and  examined  with  a  No.  8  lens,  a  beautiful  network  is  at  once 
revealed.    This  network  is  not  quite  so  rich  as  that  of  the  cornea. 
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If  we  trace  a  non-medullated  fibre  for  a  short  distance  we  may 
see  it  bifurcate,  and  one  or  both  of  the  branches  ends  in  a  bundle 
of  fibrils.    Such  a  network  is  shown  in  PL  XIII.  fig.  4. 

The  bundles  of  fibrils  pass  off  in  various  directions,  becoming 
finer  and  finer  by  repeated  division.  Very  often,  at  the  place 
where  the  myeUne  sheath  ceases,  there  is  an  irregular  swelling 
on  the  nerve,  and  from  this  the  fibrils  pass.  Again,  along  the 
course  of  these  latter  there  are  little  granules  or  swellings  of 
various  shape.  Some  of  them  are  oval  and  clear,  and  are  several 
times  the  thickness  of  the  fibril  (PI.  XIII.  fig.  6). 

The  larger  divisions  of  the  axial  cylinder  may  be  traced  until 
they  join  similar  branches  from  other  nerves.  Sometimes  they 
end  in  an  irregular  mass  of  protoplasm,  with  which  several 
laiger  and  smaller  fibrils  are  connected.  These  masses  have 
an  ill-defined  outline,  and  are  usually  dark  and  deeply  stained. 
At  times  an  oval  body,  resembling  a  nucleus,  is  to  be  seen  in 
their  centre.  The  great  majority  of  the  terminal  fibrils  join  the 
meshes  of  the  irr^ular  plexus  found  throughout  the  whole 
membrane.  This  latter,  for  sake  of  clearness,  we  shall  call  the 
grouvd  plexus.  This  grovrnd  plexus  consists  of  fine  threads  of 
tolerably  uniform  diameter.  They  lie  mostly  parallel  with  the 
surfaces  of  the  membrane.  They  do  not  anastomose  very  often, 
thus  leaving  large  meshes  between  them.  The  points  of  union 
of  two  or  more  fibrils  are  marked  by  triangular  and  irregular 
dark  bodies  or  corpuscles,  which  are  striated  in  some  places. 
Four  or  five  threads  may  be  seen  running  peurallel  to  each  other 
on  the  same  plane.  Again,  the  threads  may  have  a  beaded  out- 
line Some  of  them  also  pass  into  deeper  or  more  supeifioial 
planes;  thus  throughout  the  membrane  there  is  a  connected  net- 
work of  fibrils.  When  the  focus  is  changed  a  new  series  of 
fibrils  on  a  deeper  or  higher  plane  is  revealed.  The  fibrils  are 
more  numerous  near  the  buccal  surface.  Here  the  fibrils  have  a 
straight  course;  they  do  not  anastomose  quite  so  freely,  and 
their  diameter  is  smaller.  There  is  no  evident  connection 
between  the  threads  of  this  plexus  and  the  cell-spaces  or  cells 
of  the  membrana  Klein  ^  has  described  a  marked  relation 
of  the  non-medullated  nerve  plexus  to  the  pigment  cells  in  the 
membrana  nictitans  of  the  frog.     There  are  similar  pigment 

1  Xoc.  cU.,  p.  29. 
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cells  in  the  palatine  membrane ;  but  we  have  not  been  able  to 
make  out  any  farther  relation  between  them  and  the  plexus  just 
described,  than  the  fact  that  opposite  these  cells  the  nerve 
fibrillae  often  bend  in  their  course,  and  pass  before  or  behind 
them. 

On  transverse  section  it  is  seen  that  the  meduUated  nerves 
ran  up  sometimes  almost  quite  as  far  as  the  buccal  surface, 
while  sections  of  them  may  be  found  at  various  levels  in  the 
membrane.  Thus  it  would  appear  that  the  medullated  nerves 
pass  into  the  non-meduUated  plexus  at  all  parts,  except  perhaps 
just  under  the  buccal  surface.  The  arrangement  does  not  seem 
to  be  that  the  medullated  nerves  are  confined  to  the  deeper  parts 
of  the  membrane,  and  their  axial  cylinders  transmitted  onwards 
as  a  non*medullated  plexus.  The  fibres  cannot  be  followed  con- 
tinuously for  any  distance.  They  appear  rather  as  short  threads 
scattered  throughout  tJie  section.  The  greater  number  of  Uiese 
are  directed  vertically  towards  the  buccal  surface,  although  in 
thicker  sections  others  may  be  found  with  a  more  horizontal 
course.  When  the  section  is  examined  carefully  near  the  buccal 
surface,  more  fibrils  are  to  be  seen  than  is  evident  at  first  on  a 
superficial  examination.  All  these  are  directed  towards  the 
epithelium,  and  may  be  seen  at  parts  to  pass  clear  beyond  the 
fibrous  matrix  into  the  layer  of  epithelial  cells.  We  have  found 
it  impossible  to  trace  these  fibres  in  thick  sections,  as  the  epi- 
thelium strikes  a  dark  colour  with  the  gold,  and  so  the  outline 
of  the  fibril  is  lost  In  some  very  thin  sections,  where  there  is 
at  most  a  single  layer  of  cells,  the  part  is  then  more  transparent 
In  such  sections*we  have  seen  very  fine  fibrils  passing  in  between 
the  cells,  just  as  similar  fibres  pass  into  the  thieker  layer  of 
epithelium  on  the  anterior  surface  of  the  cornea;  but  our 
observations  do  not  enable  us  to  say  whether  these  fibres,  which 
pass  up  between  the  epithelial  cells  end  in  free  fine  points,  or 
form  a  plexus  lying  between  the  epithelial  cells. 

Termination  of  the  Nerves  in  Relation  with  the  Blood-  Vessels^ 
Arteries^  and  Capillaries, — In  portions  of  the  palatine  mucous 
membrane  which  have  been  stained  with  one  per  cent  gold  chloride 
solatioQ  for  an  hour,  and  afterwards  reduced  by  the  formic  acid 
method  of  Banvier,^  admirable  views  of  the  relations  of  the 
.  ^  W»  Stirlisg,  TesBt-Book  qf  Phyaiology,  p.  xly. 
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nerve&tothe  artories,  and  the  nerve  fibrils  to  the  capillaries  may 
be  obtained.  In  PL  XIII.  fig.  3  the  nerve-supply  of  a  small 
artery  is  shown.  If  a  small  artery  be  examined,  it  is  noticed 
that  at  intervals,  which  vary  in  length,  medullated  nerve  fibres 
run  on  to  it.  A  single  fibre  passes  off  from  a  neighbouring 
bundle  of  nerves,  and  enters  the  tunica  adventitia  of  the  vessel. 
Or  a  medullated  fibre,  winding  through  the  neighbonring  tissues, 
when  near  the  artery  may  divide  into  two,  one  of  the  branches 
going  to  the  vessel,  the  other  keeping  the  course  of  the  fibro 
before  division.  When  these  medullated  fibres  enter  the 
vascular  wall,  they  do  not  at  once  loose  their  sheath,  but  mn 
upwards  or  downwards  on  it  a  short  way,  and  may  meet  with 
other  similar  fibres.    This  may  be  called  the  outer  plexus. 

Soon  those  medullated  fibres  b^n  to  break  up.  They  give  off 
insularly  a  series  of  branches,  which  join  the  plexus  of  fine 
fibres  lying  beneath  them,  or  sometimes  these  branches  form  a 
few  loops  of  a  secondary  plexus.  At  the  part  where  they  aiise 
from  the  medullated  fibre,  there  is  generally  a  swelling  on  the 
parent  fibre,  which  is  stained  black  by  the  gold  chloride.  Again, 
along  the  fibres  which  arise  there,  bead-like  swellings  occur,  some 
lai^er  some  smaller,  giving  the  fibres  irregular  outlines.  The 
swelling,  which  is  often  seen  at  the  plane  of  division  of  the  medul- 
lated nerve,  is  probably  ganglionic.  This  may  be  called  the 
middle  plexus. 

If  we  examine  the  vessel  wall  at  any  part  where  the  chloride 
of  gold  has  acted  efiiciently,  we  easily  notice  a  beautiful  mesh- 
work  of  fine  nerve  fibrillae.  As  a  rule  the  interstices  of  this 
meshwork  are  very  regular,  leaving  spaces  between,  which  are 
often  quadrilateral.  Beads  or  small  swellings  are  found  at  the 
nodes  of  the  network  and  also  on  other  parts  of  the  fibres^ 
especially  where  the  fibrillse  of  the  middle  plexus  join  them. 
This  plexus  appears  on  same  level  as  the  muscle  fibre.  Con- 
nected with  the  meshes  of  this  plexus  we  may  notice  at 
intervals  triangular  or  irregular  dark  masses.  Sometimes  these 
are  clear  in  the  centre  with  a  dark  outline.  Possibly  these  are 
ganglionic  cells  in  the  wall  of  the  artery ;  at  least  they  are  all 
connected  to  the  neighbouring  meshwork,  and  veiy  often  fibres 
of  the  middle  plexus  enter  them.  From  this,  which  may  be 
called  the  inner  plexus,  it  is  most  probable  that  fine  threads  are 
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given  off,  which  end  directly  in  the  muscle  fibres  of  the  middle 
coat  In  some  parts  of  the  specimen  some  such  faint  threads 
could  be  seen  with  a  No.  9  lens.  But  still  this  observation 
has  not  been  clearly  proved.  The  nerve  endings  on  the  veins 
are  similar  to  those  on  the  arteries.  The  outer  and  middle 
plexus  is  not  marked,  and  fewer  meduUated  nerves  reach 
the  veins.  The  inner  plexus  is  formed  apparently  of  much 
finer  fibres,  and  the  mesh  work  is  not  so  dense,  leaving  larger 
intersticea 

The  capillaries  differ  somewhat  from  the  arteries  and  veins  in 
the  mode  in  which  the  nerve  ends  on  them.  Here  we  have  not 
the  same  plexiform  arrangement  found  in  the  larger  vessels.  The 
fibrilke  all  run  longitudinally  and  parallel  with  the  vessel,  but 
not  quite  close  to  it  (fig.  5,  ne,  nc).  There  are  generally  two 
fibrillse  along  the  side  of  each  vessel,  but  there  may  be  more  in 
some  places.  They  are  easily  seen,  as  the  capillary  wall  is  quite 
transparent  At  some  places  they  anastomose  with  each  other, 
and  where  one  branch  of  the  capillary  joins  another,  there  the 
nerve  fibrillse  anastomosa  They  do  not  always  keep  the  same 
relative  position  on  the  capillary,  but  wind  round  it  apparently 
in  a  long  spiral  These  nerve  fibrillae  do  not  appear  linear,  but 
look  sometimes  like  a  string  of  beads,  the  fibres  being  finely  marked 
with  little  dots  or  swellings.  At  parts  there  are  fibres  which  lie 
upon  the  wall  of  the  capillary,  but  as  a  rule  they  do  not  touch  the 
wall  of  the  vessel  Again,  they  do  not  appear  to  form  any  ana- 
tomical connection  with  the  nerve  fibrillae  of  neighbouring  parts. 

When  this  article  was  being  prepared  for  the  press,  we 
noticed  in  the  October  number  (1882)  of  the  Archiv  fiJl/r  Micro- 
scop.  Anaiomie,  a  paper  by  Bremer,  on  the  nerve  endings  in 
blood-vessels.  He  has  made  use  of  the  vessels  in  the  striped 
muscles  of  the  frog  and  lizard  as  objects  of  investigation.  The 
results  he  obtained  are  quite  similar  to  those  we  have  described. 
He  tiius  describes  the  ending  of  the  nerves  in  the  capillaries : — 
In  good  gold  preparations  one  or  two  still  finer  nerve  fibrillse  are 
to  be  seen  closely  attached  to  the  capillary,  and  by  means  of 
many  small  knot-like  thickenings  are  related  to  the  capillary 
walL  These  thickenings,  which  look  on  profile-like  small  out- 
growths of  the  nerve  fibrillfle,  are  the  ultimate  endings  of  the 
capillary  nerves.    They  do  not  anastomose  with  the  nerves  of 
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the  neighbouring  tissue,  nor  do  they  give  off  branches  to  the  same, 
but  form  a  completely  separate  system.  The  only  exception  to 
this  rule  is,  that  sometimes  the  capillary  nerves  are  in  relation 
with  the  nerve  ending  in  the  striped  muscles.  The  nerve  end- 
ings have  nothing  to  do  with  the  nuclei  of  the  capillary  wall 

Neroe  Endings  in  Olands. — We  have  already  seen  that  the 
anterior  part  of  the  palatine  membrane,  viz.,  that  part  in  front 
of  the  parasphenoid,  is  thickly  beset  with  glands  and  gland 
ducts.  If  we  separate  a  thin  layer  from  this  part  in  a  specimen 
carefully  prepared  by  the  chloride  of  gold  method,  we  may  be 
successful  in  getting  a  preparation  showing  the  relation  of 
glands,  capillaries,  and  nerves.  A  drawing  of  such  a  preparation 
is  given  in  PL  XIII.  fig.  5.  These  glands  are  not  set  closely 
together,  but  considerable  spaces  intervene.  They  are  situated 
nearer  the  superficial  than  the  deep  surface  of  the  membrane. 
To  the  naked  eye  they  appear  as  numerous  points  studding  the 
specimen.  Examined  with  the  No.  7  lens  they  are  dark  masses, 
in  which  the  cellular  structure  is  almost  obscured  by  the  deep 
staining  of  the  reagent  Around  their  edges  the  outline  of 
the  cells  can  be  made  out  distinctly ;  and  if,  in  the  process  of 
preparation,  one  of  them  has  been  squeezed,  the  cells  are  spread 
out  and  become  distinctly  visible.  The  outline  of  these  cells 
is  mostly  polygonal,  some  may  approach  the  triangular  form, 
others  are  ovaL  On  side  view  their  appearance  is  similar;  so 
they  are  cubical  gland  cells. 

In  the  intervals  between  these  glands  we  have  the  capillary 
vessels.  These  capillaries  form  a  network  with  the  glands  in 
the  meshes.  Upon  these  capillaries  a  beautiful  plexus  of  nerve 
fibrils  is  found  as  already  described.  Sometimes  it  is  very  rich, 
four  fibrilhe  runnmg  parallel  with  the  vessel  These  fibrillae  are 
not  all  of  the  same  size,  one  at  least  being  larger  and  running 
more  directly.  The  smaller  cross  the  vessel  oftener,  and  anasto- 
mose more  frequently.  From  these  larger  fibres  branches  come 
off  at  certain  parts,  and  proceed  to  the  mass  of  gland  cells. 
Sometimes  such  a  branch  arises  from  a  triangular  swelling  on 
the  parent  fibril,  which  at  this  point  breaks  up  into  two,  one 
going  to  the  gland,  the  other  continuing  its  course  along  a 
neighbouring  capillary.  These  branches  are  on  the  same  plane 
as  the  wall  of  the  capillary  vessels,  being  in  full  focus  at  the 


Digitized  by 


Google 


MDrUTE  STRUCTURE  OF  PALATINE  NERVES  OF  THE  FROG.  307 

same  time.    They  are  thus,  without  doubt,  the  proper  nerves  of 
tlie  capillary. 

Those  branches  generally  run  to  the  gland  in  the  same 
plane  as  they  left  the  capillary.  Before  reaching  the  gland 
acinus  they  give  off  branches  at  intervals,  the  original  fibre 
passing  half-way  round  the  gland  and  the  branches  striking  into 
it.  But  this  arrangement  is  not  constant  Sometimes  the  fibre 
does  not  branch  before  entering  the  gland.  Again,  it  may 
branch  and  anastomose  with  branches  of  neighbouring  fibres. 
We  have  not  notice^  any  such  plexus  enveloping  the  gland,  as 
Klein  ^  described  in  the  nictitating  membrane  of  the  frog.  The 
farther  distribution  of  these  nerves  in  the  gland  could  not  be 
traced,  so  that  we  are  unable  to  say  whether  the  nerve  fibres 
which  enter  the  gland  in  relation  with  its  secretory  cells  actually 
terminate  within  the  secretory  epithelial  cells,  as  described  by 
Pfiiiger  for  the  sub-maxillary  gland  of  the  rabbit,  and  Eupfer 
for  the  salivary  glands  of  the  cockroach.  Otto  Drasch^  has 
described  a  somewhat  similar  relation  of  nerve  fibrils  which  pass 
from  Meissner^s  plexus  to  the  acini  of  Brunner's  glands. 


DESCBIPTION  OF  PLATE  XIIL 

ilg.  1.  This  shows  the  general  arrangement  of  the  coarser  bundles 
of  nerve  fibres  as  they  occor  on  the  deep  surface  of  the  palatine  mem- 
brane. The  membrane  is  supposed  to  be  transparent  to  show  the 
nerve  fibres  on  its  deep  surface,  aae  is  the  portion  of  the  membrane 
over  the  bulbus  oculi ;  a  is  where  the  nerves  come  out  at  the  trigeminal 
foramen.     Hartnack,  Oo.  3,  Obj.  3  (reduced). 

Fig.  2.  Small  branch  of  the  *< medullary  plexus"  isolated.  The 
dark  fibres  are  the  medullated  fibre&  The  fibres  are  invested  by 
Henle's  sheath  (h).  Along  the  course  of  the  fibres,  but  under  the  sheath 
are  nerve  cells  ec     Oc.  3,  Obj.  9  (reduced). 

Fig.  3.  A  small  artery  with  the  nerves  distributed  to  it.  m  «>  medul- 
lated fibre,  mdp.f.  the  plexus  of  nerve-fibnls  with  little  swellings  where 
they  join,  in  relation  with  the  muscular  or  middle  coat     Oc  3,  Obj.  8. 

Fig.  4.  Plexuses  of  nerves  seen  in  palatine  membrane.  The  various 
nerves  lie  on  different  planes,  m  =  medullated  nerve  fibres,  /»  fibrils, 
and  g  -  swellings  (ganglionic ))  lyin^at  their  junctiona     Oc  3,  Obj.  8. 

Fig.  5.  Distribution  of  nerve  fibrils  (nc,  nc)  to  capillaries  CC,  and 
also  (ng)  to  glands  GO.     Oc  3,  Obj.  7. 

Fig.  6.  Termination  of  a  medullated  nerve  m  in  a  plexus  of  fibrils 
//.    Oc  3,  Obj.  a 

^  Loe,  cU,,  xii  p.  27. 
Siizmtg$b.  d.  k,  Akad.  d,  fFimnsch.,  Bd.  82,  Abth.  8,  p.  168. 
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THE  LYMPHATICS  OF  PERIOSTEUM.  By  George 
HoGGAN,  M.B.  (Edin.),  and  Frances  Elizabeth  Hoggan, 
M.D.  (Zurich),  M.K.Q.C.P.  Ireland.     (Plate  XIV.) 

If  the  suggestion  which  we  made  in  our  last  paper  on  the  lym- 
phatics of  vascular  walls  be  correct, — that  one  of  the  functions 
of  the  lymphatic  system  is  to  afford  to  injured  tissues  a  ready 
supply  of  reparative  material, — then  certainly,  judging  from  the 
amount  of  plastic  lymph  which  becomes  effused  round  a  frac- 
ture of  bone,  and  which  all  the  later  surgical  writers  describe  as 
being  poured  out  from  the  periosteum,  Uiat  membrane  or  organ 
must  be  provided  with  lymph  vessels.  On  the  other  hand,  with 
one  exception,  all  the  later  investigators  of  the  lymphatic  system 
either  deny  or  ignore  the  existence  of  lymphatics  within  the 
periosteum ;  and  it  only  requires  a  glance  at  the  one  excellent 
drawing  afforded  by  the  one  exceptional  investigator,  to  assure  us 
that  the  vessels  which  he  supposed  to  be  lymphatics  are  nothing 
else  than  the  distinctive  blood-capillaries  of  the  tissue  in 
question*  It  was  the  consideration  of  the  foregoing  facts  that 
first  impelled  us  to  search  for,  by  means  of  our  special  methods, 
and  to  discover,  with  very  little  diflBculty,  the  lymphatics  of  the 
periosteum  which  we  are  about  to  describe. 

The  actual  state  of  scientific  opinion  upon  this  question  will 
be  best  shown  by  some  extracts  from  the  published  works  of  the 
few  investigators  who  have  referred  to  it ;  and,  in  view  of  what 
we  have  already  said,  we  shall  also  include  all  speculations  on 
the  existence  of  lymphatics  of  bone,  as  being  inseparable  from 
the  question  of  the  existence  of  the  lymphatics  of  periosteum. 
We  may,  at  the  same  time,  give  it  as  our  opinion  that,  apart 
from  the  existence  of  the  periosteum,  bone  possesses  no  lym- 
phatics, and  that  in  the  periosteum  itself  the  lymphatics  seem 
specially  situated  where  they  can  have  no  direct  contact  with 
bone.  Cruickshanks  ^  is  the  first  investigator  who  states  that  he 
had  seen  lymphatics  in  bone,  he  having  injected  lymphatics 
coming  out  (sic)  of  the  body  of  one  of  the  dorsal  vertebrae,  in  the 

*  Anatomy  of  Lymphatic  Vesaela,  17iO,  p.  198. 
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sabstance  of  which  he  also  saw  them  ramifTing.  This  statement 
appears  to  be  stereotyped  in  all  subsequent  anatomical  works ; 
but,  with  Sappey,  we  believe  it  to  be  of  no  value,  and  we  further 
say  that  even  if  they  had  existed  as  described,  it  would  be  im- 
possible either  to  inject  them  hachvards  or  to  follow  them  out  in 
the  hard  bony  tissue,  as  described  by  Cruickshanks,  by  any 
method  hitherto  devised.  With  reference  to  this  statement  of 
Cruickshanks,  as  well  as  to  those  subsequently  made  by  Brug- 
mans,  Breschet,  and  Bonamy,  Professor  Sappey  ^  remarks : — 

**  Breschet  cites  a  note  of  M.  Bonamy,  in  which  that  author  announces 
that  he  had  found  lymphatics  coming  out  of  some  holes  in  the  inner 
condyle  of  the  femur,  and  which  he  had  even  followed  to  some 
depth  throngh  the  spongy  tissue.  I  have  sought  to  control  all  these 
assertions,  and  with  this  intention  I  have  undertaken  some  rather 
extensive  researches.  The  results  I  obtained  were  always  nega- 
tive. After  having  again  attentively  read  the  observations  recorded 
by  all  the  above-mentioned  authors,  and  some  other  authors  which  it 
would  be  needless  to  mention,  I  have  no  hesitation  in  declaring  that 
not  one  of  them  can  be  accepted  as  conclusive.  In  reality  they  are  of 
no  value.  I  remain  convinced  that,  up  to  the  present  time,  no  ana- 
tomist has  seen  lymphatics  in  osseous  tissue,  and  I  am  also  convinced 
that  none  exist  there." 

While  agreeing  entirely  with  Sappey  in  the  foregoing  opinions, 
we  of  course  differ  from  what  he  says  of  the  periosteum,  which 
is  as  follows,  page  11 : — 

<<  Ligaments,  aponeuroses,  tendons,  the  periosteum,  the  dura  mater,  the 
sclerotic,  the  fibrous  envelope  of  the  corpora  cavernosa,  all  the  fibrous 
tissues,  in  fact,  are  destitute  of  lymphatics." 

Cruveilhier,^  another  French  investigator  of  the  lymphatic 
system,  states  :— 

"  No  one  has  yet  demonstrated  the  existence  of  the  lymphatic  vessels 
in  bones,  but  it  is  probable  that  they  exist  there,  as  the  phenomena  of 
nutrition  and  certain  morbid  phenomena  tend  to  prove  their  exist* 
ence." 

Again,  at  page  128,  he  says  :— 

"As  for  the  lymphatic  plexuses  which  might  exist  in  the  cartilagin- 
ous and  bony  tissues,  I  have  never  been  able  to  discover  any." 

Apart,  however,  from  opinions  founded  on  personal  investiga- 

1  Faisseattx  Lymphaliqiie,  1875,  pp.  11,  12. 
*  AfuUaniu  DeaeripiiWf  1852,  p.  47. 
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tion,  we  have  the  mere  opinions  of  many  great  anatomists  for 
or  against  the  existence  of  lymphatics  in  bone,  but  it  will  be 
observed  that,  with  the  exception  of  Sappey,  they  make  no 
specific  mention  of  periosteum,  which  they  seem  to  include 
under  the  head  of  bony  tissues.  Of  the  more  important  ana- 
tomists, Mascagni  believed  in  the  existence  of  lymphatics  in 
bone ;  Kolliker  doubts  it,  while  John  Hunter,^  whose  vagaries  on 
the  question  of  absorption  by  the  lymphatics  have  had,  and  still 
have,  such  a  disastrous  effect  on  scientific  opinion  in  this  country, 
not  only  was  certain  of  the  existence  of  lymphatics  in  bone,  as 
everywhere  else,  but  he  specifically  states,  over  and  over  again, 
that,  by  means  of  vivisectional  experiments,  he  had  been  able  to 
demonstrate  their  absorbing  and  modelling  action  upon  the 
bones,  and  at  page  257  he  even  goes  the  length  of  speculating 
on  the  kind  of  mouths  which  the  lymphatics  of  bone  must 
possess  to  enable  them  to  absorb  such  hard  material,  and 
suggests — 

^  T?iat  if  toe  could  see  the  mouths  of  these  vessels j  we  might  perhaps 
class  the  modes  of  absorption^  as  aivmals  have  hem  classedy  by  their 
teeth:' 

Unfortunately  for  Hunter's  opinions  and  the  results  of  bis 
experiments,  the  actual  anatomical  facts  show  that,  even  in  the 
periosteum,  the  lymphatics  not  only  do  not  come  in  contact  with 
the  surface  of  the  bone,  but  that  they  are,  on  the  contrary, 
situated  as  far  as  possible  from  it 

We  now  come  to  the  one  exceptional  anatomist,  already  re- 
ferred to,  who  professes  to  have  discovered  the  lymphatics  of  the 
periosteum.  In  the  thirteenth  volume  of  the  Archivfwr  MUcro- 
skopische  Anatomic  for  1877,  p.  87,  Dr.  Albrecht  Budge  contri- 
butes an  article  entitled  "  Die  Lymphwurzeln  der  Knochen,"  or 
radicles  of  the  lymphatics  in  bone.  It  is  illustrated  by  five 
figures,  the  three  of  them  drawn  by  himself  being  schem^isehe, 
following  that  habit  so  dear  to  the  German  scientific  soul  of  put- 
ting one's  hypothesis  in  a  drawing  as  well  as  in  writing.  The  other 
two  drawings  are  by  Herr  Weiland,  the  drawing-master  of  the 
University  of  Greifsweld,  and  they  leave  nothing  to  be  desired 
in  the  matter  of  accuracy.  The  first  drawing  is  from  a  silver 
preparation  of  the  inner  surface  of  the  periosteum,  and  purports 

I  Suigical  Works  of  John  Hunter  by  Palmer,  1885,  vol.  i  p.  254  ei  alia. 
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to  show  the  lymphatics  of  the  perioBteum  on  that  surface ;  and 
that  accurate  drawing  enables  us  to  state,  without  a  moment's 
hesitation,  that  what  Budge  has  described  as  lymphatics  are 
nothing  other  than  the  blood-capillaries  of  the  inner  surface  of 
the  periosteum,  where,  moreover,  as  a  matter  of  fact,  the  lym- 
phatics never  exist.  In  the  drawing  the  lymphatics  are  white 
and  the  blood-vessels  blue,  and  the  drawing-master,  with  un- 
conscious fidelity,  has  drawn  the  blue  vessels  in  direct  continua- 
tion with  the  white  lymphatics.  It  is  even  surprising  that  an 
inspection  of  the  drawing  did  not  warn  Dr.  Budge  of  the  mistake 
he  was  committing  in  describing  as  lymphatics  the  ordinary  and 
distinctive  blood-capillaries  of  the  inner  surface  of  the  periosteum 
(see  our  fig.  6).  The  explanation  of  the  mistake,  however,  is 
easy ;  it  is  evidently  due  to  a  cause  that  has  led  many  into  error. 
We  ourselves,  when  we  first  employed  silver  imbibition,  were  led 
into  a  similar  error,  which  may  therefore  be  now  explained  to  pre- 
vent others  falling  into  it  in  future.  In  Dr.  Budge's  preparation  he 
had  first  injected  the  blood-vessels  with  gelatine  coloured  with 
Berlin  blue.  But  when  capillaries  injected  with  this  material 
are  exposed  to  the  action  of  nitrate  of  silver,  the  capillaries  are 
bleached,  and  according  to  the  relative  proximity  of  such  injected 
capillaries  to  a  surface,  as  well  as  the  relative  thickness  of  the 
coats  of  arteries  or  veins,  so  do  we  find  the  bleaching  action  to 
vary.  That  some  portions  of  the  capillary  plexus  retained  their 
blue  colour  no  doubt  led  Dr.  Budge  to  hold  them  to  be  the  whole 
of  the  blood-vessels  of  the  part,  and  to  imagine  that  therefore 
the  white,  that  is  the  bleached  portions,  must  necessarily  be 
lymphatics.  The  actual  relations  of  the  lymphatics  on  the  outer 
surface  of  the  periosteum  with  the  blood-capillaries  on  the  inner 
surface  is  shown  in  our  fig.  6.  The  blood- capillaries,  c,c,  shown 
there  are  identical  with  those  shown  in  the  same  locality  by 
Budge  as  lymphatics.  The  branched  ceUs  lying  alongside  of  the 
capillaries  in  both  drawings  may  be  taken  as  the  gauge  of  the 
respective  scales  of  the  drawings.  The  second  figure  (fig.  4), 
drawn  by  Weiland  from  nature,  refers  to  the  forcible  driving  of 
blue  injection  into  the  cell-cavities  of  bone,  a  fruitful  source  of 
error,  which  has  already  been  explained  in  our  article  on  the 
lymphatics  of  the  pancreas  in  this  Journal.^     In  short,  Dr. 

1  July,  1881. 
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Budge's  conclusions,  from  banning  to  end,  are  erroneous,  and 
his  textual  descriptions  so  vague  that,  but  for  the  clearness  and 
accuracy  of  the  two  figures  referred  to,  it  would  have  been  diffi- 
cult to  understand  what  he  meant,  or  to  control  so  completely  as 
we  have  been  enabled  to  do  the  errors  he  has  fallen  into. 

We  regret  to  have  felt  it  imperative  to  enter  at  such  length 
into  Dr.  Budge's  supposed  discovery.  It  is  always  so  much 
easier  to  describe  discoveries  where  previously  all  was  acknow- 
ledged to  be  unknown,  for  rival  claims  and  contrary  descriptions 
leave  those  uninitiated  into  special  methods  and  special  re- 
searches very  much  at  a  loss  to  discover  which  is  right  or  which 
is  wrong. 

The  principal  method  of  preparation  employed  by  us  is  the 
jone  already  described  by  us  on  several  occasions  in  these  pages, 
by  means  of  silver  imbibition  of  both  surfaces  of  the  periosteum, 
after  it  has  been  mounted  upon  our  histological  ringa  For  con- 
venience's sake,  we  generally  choose  the  larger  long  bones  of  the 
larger  mammals,  including  man.  We  also  choose  only  those 
portions  of  periosteum  to  which  no  muscle,  tendon,  or  aponeu- 
rosis is  attached,  lest  any  arrangements  of  lymphatics  found 
there  should  be  held  to  be  modified  by  the  attachment  of  those 
structures.  Such  portions  are  easily  found  on  the  tibia  and 
humerus ;  in  the  former,  indeed,  portions  of  the  periosteum  may 
be  found,  whose  attachment  to  the  bone  is  so  very  slight,  that 
they  can  be  stripped  off  without  doing  any  material  damage  to 
the  inner  surface  of  the  membrane.  As  in  other  cases,  the 
lymphatics  can  always  be  most  easily  shown  in  lean  animals ; 
but  it  is  also  advisable  here  to  examine  the  lymphatics  in  the 
periosteum  of  fat  animals  (see  fig.  5),  so  as  to  observe  the  dis- 
placing action  of  the  fat  cells  on  the  larger  and  more  superficial 
lymphatics.  Care,  however,  must  always  be  exercised  in  such 
cases  not  to  break  up  the  fat  tissue  on  such  surfaces,  or  to 
touch  them  with  greasy  fingers,  which  prevents  the  silver 
solution  from  penetrating  among  and  defining  the  various 
elements  which  compose,  or  are  included  in,  the  periosteum. 
After  the  muscles  and  any  loose  tissue  have  been  dissected  off 
the  outer  surface  of  the  periosteum,  a  slit  is  made  in  a  favourable 
spot,  and  the  membrane  seized  with  a  pair  of  broad  pointed 
forceps.     It  is  thus  firmly  held  while  it  is  being  gently  torn  off  the 
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subjacent  bone,  any  slight  adhesions  being  divided  by  the  point 
of  the  scalpel  In  this  way  a  portion  of  the  sheet,  large  enough 
to  be  mounted  on  a  pair  of  our  rings,  is  easily  obtained,  and  the 
subsequent  steps  are  similar  to  those  we  have  so  often  described. 
In  addition  to  the  foregoing  method,  we  have  lately  used 
another  controlling  method,  both  upon  the  periosteum  and  upon 
other  tissues  which  we  have  previously  investigated.  Having 
first,  by  means  of  silver  imbibition,  acquired  a  familiar  know- 
ledge of  the  lymphatics  in  the  tissue,  and  their  general  posi- 
tion, relations,  and  the  directions  of  the  lymph  flow,  we  take  a 
hypodermic  syringe,  furnished  with  a  very  fine  needle  canula, 
and  inject  the  lymphatics  with  a  one-tenth  per  cent,  solution  of 
nitrate  of  silver  in  distilled  water.  In  the  case  of  the  periosteum, 
great  care  must  be  used  in  inserting  the  needle,  on  account  of 
the  thinness  of  the  membrane,  for  if  the  point  of  the  needle 
passes  through  either  surface,  failure  at  that  point  is  certain. 
For  this  method  the  periosteum  is  left  attached  and  undisturbed 
upon  the  bone,  and  it  is  fortunate  if,  after  a  dozen  of  trials,  one 
at  length  succeeds  in  getting  into  the  lymphatics  with  the  silver 
solution.  When  successful  there  is  no  dif&culty  in  noticing  it, 
and  on  such  occasions  we  place  our  finger  nail  at  the  point 
where  the  lymphatic  is  leaving  the  periosteum,  and  where, 
consequently,  the  silver  solution  is  seen  to  be  running  out ;  by 
compressing  the  lymphatic  there  we  are  able  to  bring  a  consider- 
able pressure  upon  the  interior  of  the  lymphatics.  The  great 
advantage  thus  obtained  will  be  afterwards  explained  in  connec- 
tion with  what  we  have  to  say  about  lymph  radicles.  Apart 
from  this,  and  except  perhaps  in  tracing  connections  between 
two  surfaces  in  a  thick  tissue,  the  method  is  of  no  great  ad- 
vantage. The  silver  stream  follows  the  shortest  course  towards 
exit,  and  even  when  pressure  is  made,  as  already  explained,  the 
branches  which  form  junctions  with  the  main  stream  close  their 
valves  and  prevent  the  silver  solution  passing  up.  The  conse- 
quence of  this  is,  that  in  a  tissue  like  the  periosteum,  where  the 
afferent  and  efferent  lymphatics  are  combined,  one  only  sees  the 
main  stream,  and  closely  contiguous  channels  are  undemonstrated. 
For  this  reason  all  our  figures  are  drawn  from  preparations  of 
silver  imbibition  of  surfaces,  where  every  vessel  and  every  cell 
or  other  element  is  clearly  shown. 
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When  a  number  of  successful  preparations  have  been  thus 
made  from  the  periosteum  of  different  animals,  both  surfaces  of 
the  membrane  having  been  stained  in  every  case,  the  first 
prominent  and  invariable  feature  which  presents  itself  is,  that 
the  lymphatics  are  to  be  found  plentifully,  in  every  case,  on  the 
external  surface  of  the  membrane,  but  in  no  case  whatever,  in 
our  experience,  on  the  internal  surface,  or  that  lying  next  to  the 
bone.  Considerable  differences  will  also  be  seen  to  exist  in  the 
arrangement  of  the  lymphatics  on  the  outer  surface  in  different 
specimens,  but  these  differences  are  due  principally  to  the  un- 
equal thickness  of  the  membrane  at  different  points  of  the 
same  bone,  at  different  ages  of  the  same  animal,  and  in  animals 
of  different  races.  As,  indeed,  the  varying  structure  of  the 
membrane  itself,  now  well  recognised,  is  the  principal  factor  in 
the  peculiarities  seen  in  the  lymphatics,  to  understand  these 
peculiarities  it  is  necessary  to  have  a  precise  idea  of  the  general 
structure  of  the  periosteum,  and  of  the  changes  it  may  undergo 
under  the  influence  of  certain  conditions. 

At  first  sight  it  would  seem  that  a  precise  knowledge  of  so 
simple  an  organ  as  the  periosteum  was  not  so  very  difficult  to 
obtain.  This,  indeed,  ought  to  be  the  case ;  but  if  we  follow  the 
teachings  of  various  schools,  and  the  description  of  various  histo- 
logical investigators,  the  greatest  possible  diversity  of  opinion  is 
found  actually  to  exist  Professor  Kolliker  (and  following  him 
we  have  both  the  German  and  English  anatomical  schools) 
describes  the  periosteum  as  a  fibrous  membrane,  of  which  the 
outer  layer  consists  of  white  fibrous  tissue,  containing  occasion- 
ally fat  cells,  while  the  inner  layer  is  made  up  of  elastic  fibres, 
having  the  appearance  of  being  composed  of  several  strata  of 
elastic  membrane.  On  the  other  hand.  Professor  Charles  Bobin 
(and  following  him  we  have  the  French  school)  asserts  even 
vehemently  that  the  periosteum  is  not  fibrous,  but  formed  of 
cellular  tissue.  It  would  seem  that  while  the  one  only  examined 
the  periosteum  in  young  animals,  the  other  only  examined  it  in 
old  ones,  that  being  the  only  explanation  available,  while  as  a 
matter  of  fact  the  truth  seems  to  lie  midway  between  them. 
In  fig.  6,  from  the  humerus  of  an  old  horse,  the  cellular  elements 
on  the  inner  surface  of  the  periosteum  are  at  their  minimum, 
and  fibrous  or  gelatinous  tissue  seems  to  compose  the  whole  of 
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the  membrane,  while  in  fig.  2,  from  the  tibia  of  a  goat  scarcely 
full  grown,  the  cellular  element  greatly  predominated,  and,  as 
seen  on  comparing  figs.  1  and  2,  considerable  modification  in  the 
appearance  of  the  lymphatics  is  one  of  the  prominent  results. 
On  examining  the  inner  surface  of  the  portion  of  periosteum 
from  which  fig.  2  was  drawn,  it  was  seen  to  be  composed  of  a 
dense  mass  of  the  ordinary  branched  cells  of  the  part,  embedded 
in  the  ordinary  clear  gelatinous  matrix,  which,  however,  was 
exceedingly  scanty  in  comparison  with  the  immense  numbers  of 
the  cells  it  contained,  while  amongst  them  coursed  the  smaller 
arteries  and  veins,  running  often  for  a  long  distance  parallel  to 
each  other,  and  in  the  direction  of  the  axis  of  the  bone,  without 
altering  their  calibre  much  before  they  broke  up  into  dense 
bouquets  of  capillarie&  In  no  case  whatever  did  we  see  any 
lymphatic  enter  this  layer,  although,  as  shown  in  fig.  2,  they 
were  very  plentiful  on  the  outer  surface  and  within  the  fibrous 
or  gelatinous  tissue  which  composes  that  surface,  but  they  were 
not  found  at  all  on  the  inner,  cell-studded  stratum  which  exists 
so  plentifully  in  young  animals.  To  this  stratum  Banvier  and 
some  other  histologists  have  applied  the  grotesque  name  of  sub- 
periosteal maiTow,  a  term  quite  unnecessary,  as  there  is  really 
no  difference  in  character,  although  there  is  in  quantity,  between 
the  cells  found  there  and  those  found  all  through  and  on  the  outer 
surface  of  the  periosteum.  It  is  obvious  that  it  is  the  nuclei 
belonging  to  these  cells,  that  are  found  in  such  numbers  on  the 
periosteum  of  young  animals,  which  has  justified  Professor 
Robin's  interpretation  of  the  periosteum  as  being  a  cellular 
tissna  The  fact,  however,  is  that  the  base  or  matrix  of  the  mem- 
brane is  gelatinous,  and  the  cells  embedded  in  it  are  of  varying 
quantity,  varying  according  to  the  age  or  species  of  the  animal, 
or  the  locality  of  the  bone.  It  is  unfortunate  that  hitherto  all 
investigation  into  the  structure  of  the  periosteum,  or  into  the 
relations  of  its  component  elements  to  each  other,  seems  to  have 
been  made  only  by  means  of  transverse  and  longitudinal  sections 
through  the  thickness  of  the  membrane.  Such  sections,  when 
stained  in  the  usual  banal  fashion,  with  colouring  reagents  like 
carmine  or  hsematoxyline,  give  as  correct  an  idea  of  the  general 
arrangements  of  the  elements  therein  as  sections  through  the 
canvas  of  an  oil  painting  would  give  a  conception  of  the  picture 
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upon  its  surface.  When  the  cells,  vessels,  and  nerves  contained 
in  the  periosteum  have  had  their  outlines  clearly  mapped  out 
with  silver  solution,  and  they  are  studied  in  their  various  super- 
ficial and  deep  planes,  another  conception  is  acquired  of  their 
relation  to  each  other  than  that  given  in  the  text-books,  which 
has  been  derived  from  transverse  sections  only.  It  is  this  con- 
sideration which  has  caused  us  to  define,  a  little  more  correctly 
than  is  generally  done,  the  component  structure  of  the  peri- 
osteum the  better  to  enable  our  description  of  its  lymphatics  to 
be  understood. 

What  we  have  just  said  may  render  more  intelligible  our  ex- 
planation of  the  different  aspects  presented  respectively  by  the 
lymphatics  in  fig.  2,  from  the  periosteum  of  a  young  goat,  and 
in  fig.  1,  from  that  of  an  old  horse.  The  periosteum  in  fig.  2 
was  comparatively  thick,  and  the  lymphatics  seen  there  are 
principally  efferent  vessels.  On  either  side  of  the  main 
line  of  vessels  branches  are  given  off,  which  seem  to  end 
abruptly.  These  abrupt  terminations,  however,  are  not  the 
terminations  of  the  lymphatics,  but  only  mark  the  points 
where  they  left  the  outer  surface  to  ramify  more  deeply  within 
the  membrane,  and  to  join  there  with  each  other,  and  with 
similar  lateral  branches  from  similar  main  groups  of  efferent 
lymphatics.  An  idea  of  those  deeper  intercommunicating 
lymphatics  is  given  in  fig.  4,  from  the  deeper  structure  of  the 
thick  periosteum  of  a  young  man,  of  which  fig.  5  shows  a  frag- 
ment, of  a  superficial  lymphatic,  lying  upon  a  bed  of  fat  cells  on 
the  outer  surface  of  the  membrane.  In  figs.  1,  3,  and  5,  on  the 
other  hand,  from  an  old  horse,  we  have  the  periosteum  of 
minimum  thickness,  so  thin,  indeed,  that,  both  outer  and  inner 
surfaces  having  been  stained  with  silver,  it  was  possible  to  see 
the  component  elements  on  either  surface  and  in  the  thickness 
of  the  membrane,  without  changing  the  focus  of  the  microscope, 
under  a  power  of  thirty  diameters.  The  consequence  of  this  is 
that  the  whole  of  the  lymphatics  of  the  membrane  lie  completely 
and  distinctly  upon  or  above  the  outer  surface,  and  we  have 
thus  presented  to  us,  in  one  plane,  the  combined  collecting  and 
efferent  lymphatics  of  a  whole  tissue  or  region.  In  our  paper 
on  the  lymphatics  of  the  urinary  bladder  we  described,  for  the 
first  time,  an  arrangement  of  lymphatics  wherein  the  collecting 
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and  efferent  vessels  were  combined  in  the  one  group,  and  applied 
apparently  to  the  drainage  not  of  a  surface  or  of  a  solid  tissue, 
but  specially  of  groups  of  large  blood-vessels,  in  such  a  way  that 
the  fluid  portion  of  the  blood,  which  under  the  normal  pressure 
must  exude  to  a  certain  extent  through  the  arterial  walls,  would 
at  once  pass  into  the  lymphatics  before  it  had  an  opportunity  of 
soaking  into  the  neighbouring  tissues,  and  thus  be  immediately 
carried  off  from  the  organ  through  the  lymphatics.  In  the 
bladder,  however,  those  lymphatics,  as  shown  in  figs  2  and  6, 
were  exceedingly  irregular  in  size  and  arrangement,  winding 
tortuously  around  and  between  the  blood-vessels.  In  the  peri- 
osteum, on  the  contrary,  as  shown  in  fig.  1,  we  have  the  very 
beau  ideal  of  a  regular  arrangement  of  lymphatics,  combining  in 
each  vessel  collecting  and  efferent  functions,  and  applied  solely 
to  the  drainage  not  of  a  surface  but  of  lines  of  blood-vessels. 
At  page  369  of  the  article  referred  to,  we  gave  merely  sugges- 
tively the  hjrpothesis  of  a  combined  collecting  and  efferent 
function  to  those  lymphatics,  as  being  adapted  specially  to  the 
lines  of  large  blood-vessels,  but  in  the  periosteum  the  matter  is 
placed  beyond  doubt.  There  the  lymphatics  are  applied  to  the 
large  blood-vessels  above,  not  only  with  scientific  drainage 
adaptation,  but  with  mechanical  exactitude  and  regularity.  On 
either  side  of  each  group  we  have  a  large  lymphatic  running 
parallel  to  the  group,  and  providing  that  any  of  the  fluid  portion 
of  the  blood  which  may  exude  through  the  walls  shall  not 
escape  laterally,  while,  as  if  to  obviate  the  possibility  of  any 
fluid  passing  off  from  the  surface,  we  have  two  smaller  lymphatic 
drains  running  parallel  to  the  central  artery  of  the  belt.  That, 
in  such  a  specimen  of  periosteum,  the  lymphatics  are  applied 
solely  to  the  lines  of  blood-vessels,  and  not  to  the  surface  or 
component  tissue  of  the  membrane,  is  placed  beyond  doubt  by 
observing  that  the  great  mass  of  the  surface,  in  what  may  be 
called  the  centres,  m,  m,  of  the  vascular  meshes,  possesses  no 
lymphatics  whatever,  being  protected  by  the  outlying  parallel 
lymphatics,  while  the  fact  that  the  plexus  of  lymphatics  is 
complete,  and  sends  no  lateral  erratic  offshoots  off  into  the  sub- 
stance of  the  periosteum,  as  seen  in  fig.  2,  shows  that  the 
interior  or  body  of  the  membrane  has  no  lymphatics. 

Attached  to  the  ends  or  junction  of  the  straight  and  parallel 
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lymph  drains,  we  fiod  Id  many  cases  dilated  portions  or  ampullae, 
which  act,  no  doubt,  as  temporary  reservoirs  as  occasion  requires, 
while  as,  even  in  combined  collecting  and  efferent  lymphatics 
forming  meshes,  there  must  be  some  objective  points  on  the 
surface  to  which  the  flow  of  collected  lymph  is  determined,  so 
do  we  find  here  and  there  on  the  surface  arrangements  like  that 
seen  in  6g.  3,  also  from  an  old  horse,  these  being  the  points  from 
which  what  may  be  called  the  extrinsic  efferent  lymphatics 
receive  and  carry  off  from  the  periosteum  the  lymph  which  has 
been  collected  upon  it  In  no  case,  whatever,  even  on  the 
largest  bones  of  such  large  mammals  as  man  and  the  horse,  have 
we  found  any  muscular  or  other  strengthening  elements  upon 
the  intrinsic  lymphatics  of  the  periosteum.  Even  upon  such 
comparatively  large  sacs  or  dilatations  as  are  seen  at  fig.  6,  the 
walls  were  composed  only  of  the  one  layer  of  crenated  endo- 
thelium. 

It  may  be  asked  if  there  is  a  difference  in  the  appearance 
or  arrangement  of  the  lymphatics  on  the  same  surface  in 
young  and  old  animals  of  the  same  species,  how  or  at  what 
period  is  the  change  effected  ?  Our  answer  to  this  is,  that  we 
believe  that  the  lymph  vascular  system,  like  the  blood  vascular 
system,  as  we  have  shown  elsewhere,^  may  be  continually 
changing  its  position  in  the  tissue,  according  to  the  necessities 
of  the  time  or  place.  The  fine  blood-capillaries  and  the  large 
intrinsic  lymphatics  which  correspond  to  the  capillaries  in  the 
structure  of  their  walls,  may  be  formed  here  to-day  by  the  skilful 
auto-adaptation  of  the  wandering  or  embryonic  cells  which  came 
for  that  purpose,  and  to-morrow  the  same  vessels  may  become 
occluded  if  no  longer  necessary,  and  their  component  cells  break 
up  their  connection,  and  travel  away  elsewhere  as  mysteriously 
as  they  made  their  appearance  there.  This  probably  explains 
the  difference  in  the  appearance  in  the  lymphatics  of  thick  and 
thin  periosteum  of  young  or  old  animals,  for  there  is  no  reason 
why  the  lymphatics  should  not  be  modified  by  the  same  causes 
which  modify  the  number  and  position  of  the  cells  and  capil- 
laries in  the  same  locality,  the  few  cells  and  capillaries,  for 
example,  seen  in  fig.  6,  being  a  mere  fraction  of  the  immense 

*  "  On  the  Development  and  Retrogression  of  Blood- Vessels,"  in  Journal  of 
Eoyal  Microscopical  Society,  1880,  fig.  18,  plate  xr. 
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masses  which  existed  there  when  the  animal  was  young.  This 
immense  reduction  in  the  available  supply  of  blood-vassels, 
lymphatics,  and  branched  cells,  is  probably  the  chief  factor  in 
the  diminished  nutrition  of  the  bones  of  the  aged  that  leads 
to  their  brittleness,  and  above  all  to  the  retardation  of  the  healing 
of  fracture.  That,  however,  is  too  large  a  question  in  surgical 
pathology  for  us  to  do  more  than  indicate  the  chief  factor  here. 

The  presence  of  the  so-called  branched  cells  of  the  connective 
tissue  in  such  varying  quantities  in  the  periosteum  reopens  an 
important  question,  which  we  have  referred  to  more  than  once 
in  these  pages  and  elsewhere,  but  which  we  are  now  better  able 
to  settle  than  at  any  time  previously.  We  have  also  discussed 
the  possibility  of  their  being  the  radicles  of  the  lymphatics,  in 
accordance  with  the  hypotheses  published  long  ago  by  both 
Virchow  and  Yon  Secklinghausen.  We  have  rejected  these 
hypotheses  absolutely,  and  shown  that  in  the  great  majority  of 
tissues  in  which  such  cells  were  found,  they  were  generally 
conspicuously  absent  from  the  neighbourhood  of  the  lymphatics, 
and  unconnected  with  them,  although  plentiful  in  the  neigh- 
bourhood of  the  blood-vessels.  In  our  paper  on  the  lymphatics 
of  the  pancreas,  we  even  demonstrated  the  cause  of  the  artificial 
and  erroneous  appearances  which  bad  led  many  to  suppose  that 
these  branched  cells  were  the  radicles  of  the  Ijrmphatic  system. 
We,  however,  admitted  that  although  that  hypothesis,  or  indeed 
any  hypothesis  which  conceived  a  system  of  lymph  radicles  lined 
with  protoplasmic  elements,  was  wholly  wrong,  yet  in  the  future  it 
was  possible  that  a  system  of  fine  channels  might  be  demon- 
strated without  any  protoplasmic  lining,  and  which,  therefore, 
silver  imbibition  would  be  unable  to  show.  We  no  longer  make 
this  or  any  other  reservation,  and  deny  absolutely  the  existence 
of  lymph  channels  other  or  smaller  than  those  shown  in  draw- 
ings accompanying  our  various  publications.  The  proof  of  what 
we  state  is  easy,  and  is  contained  in  the  method  of  injecting 
dilute  silver  solutions  into  the  lymphatics  which  we  have  de- 
scribed at  the  commencement  of  this  paper. 

Anyone  who  has  injected  the  blood  vascular  sjrstem  with 
dilute  silver  solution  is  aware  that  the  fine  blood-capillaries  are 
made  abundantly  evident  by  it,  and  they  can  conceive  that  if 
any  channel  as  small  existed  in  connection  with  the  lymphatic 
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system,  these  small  channels  would  be  easily  demonstrated. 
Now,  this  is  what  we  have  put  to  the  proof,  not  only  in  the 
periosteum,  but  in  other  tissues  where  great  valveless  collecting 
lymphatics  exist  Having  succeeded  in  getting  the  hypodermic 
needle  to  open  into  such  lymphatics,  and  seen  the  silver  solution 
pass  along  the  lymphatics,  we  have,  as  already  described,  closed 
the  outlet  with  our  finger  nail,  so  as  to  cause  considerable 
pressure  within  the  plexus,  even  to  bursting  of  a  vessel.  When 
such  tissues  are  subsequently  prepared  for  microscopical  investi- 
gation, we  see  only  the  distinctly  marked  intercellular  outlines 
of  the  endothelium  forming  the  lymphatic  wall,  and  no  small 
openings  or  passages  in,  at,  or  from  it  Had  there  been  any 
cell-lined  radicle  passing  from  the  lymphatic,  it  would  have 
been  shown,  as  well  as  the  outlines  of  its  lining  protoplasmic 
elements.  Had  there  been  naked  passages  without  any  such 
lining,  they  would  have  been  shown  even  more  prominently,  if 
their  walls  were  unprotected  from  the  action  of  the  silver ;  they 
would  have  stained  as  black  as  silver  albuminate  generally 
appears  when  exposed  to  light  But  there  was  never  anything 
of  the  kind,  so  that  the  whole  tottering  fabric  of  lymph  radicle 
hypotheses  may  be  allowed  to  fall  once  and  for  ever.  We  ought, 
however,  to  state  here  that,  in  admitting  as  we  did  {vide  page 
373,  vol  XV.)  the  possibility  of  the  existence  of  a  minute  system 
of  lymph  radicles  not  lined  by  protoplasmic  elements,  which 
would  otherwise  have  been  shown  by  silver,  we  were  led  to  do 
so  in  consequence  of  the  drawings  given  by  that  veteran  in- 
vestigator. Professor  Sappey,  in  several  of  his  recent  works,  and 
more  especially  in  the  large  folio  plates  illustrating  his  great 
work  on  "Lymphatic  Vessels,"  now  in  course  of  publication. 
He  there  depicts  close  and  intricate  plexuses  of  very  fine 
channels  as  the  radicles  of  the  lymphatics ;  and  as  these  have 
dilated  portions  at  intervals,  he  has  applied  to  them  the  names 
of  lymphatic  " capillicules "  and  ''lacunes."  The  distinctness 
with  which  these  were  drawn  made  it  impossible  for  us  to  doubt 
their  existence;  hence  our  qualified  admission.  Since  then, 
however,  by  the  kindness  of  Professor  Sappey,  one  of  us  has  had 
the  opportunity  of  examining  the  original  preparations,  and  of 
seeing  similar  preparations  made  by  him  in  our  presence.  On 
carefully  examining  those  preparations,  we  were  there  and  then 
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enabled  to  state  unhesitatingly  that  the  so-called  lymphatic 
radicles  were  only  the  blood-capillaries  of  the  various  regions, 
distorted  almost  beyond  recognition  by  the  use  of  powerful 
reagents.  This  explanation  may  be  of  service  to  other  investi- 
gators, who  may  have  felt  some  doubts  as  to  the  nature  of  the 
lymphatic  radicles  described  and  figured  by  Professor  Sappey. 

For  pure  physicists  the  question  has  an  interest  apart  from 
that  of  the  lymphatic  system,  in  connection  with  the  dialysis  of 
liquids.  If  lymph  or  fluid  can  get  naturally  and  easily  into  the 
lymphatics,  it  ought  equally  naturally  and  easily  to  get  out 
again  when  internal  pressure  is  applied.  But  by  what  channels? 
By  no  channels.  In  cases  where  we  have  made  prolonged  in- 
jections of  the  lymphatics,  and  given  them  excessive  exposure 
to  light  afterwards,  a  certain  amount  of  territory  around  and 
external  to  the  lymphatic  wall  shows  that  the  silver  influence 
has  travelled  outwards.  The  staining  of  the  circumambient 
tissue  is,  however,  that  of  a  dark,  soft  haze,  in  which  the  highest 
powers  of  the  microscope  show  no  differentiation  of  tissue  into 
channels  or  tissue  elements ;  but  when  the  injection  has  been 
used  forcibly  to  burst  the  vessel  and  cause  dissociation  of  the 
tissues,  a  very  different  aspect  is  presented.  The  same  confused 
aspect  is  seen  in  all  the  numerous  coses  in  which  the  injection 
has  failed  to  find  or  run  into  the  lymphatics,  but  has  caused 
dissociation  of  the  tissues  instead.  With  silver  solution  at 
our  disposal  for  injection,  it  is  mere  bungling  to  use  Berlin 
blue  or  asphalt  injection  for  the  research  of  the  lymphatic 
system.  Where  the  silver  passes  it  marks  its  path,  showing 
the  lymphatic  endothelium  of  the  wall  when  successful,  and  the 
debris  of  albuminates  when  a  failure ;  but  the  coloured  fluids 
referred  to  only  show  themselves,  and  give  no  indication  whether 
they  are  in  a  lymphatic  or  forming  an  extravasation,  unless 
when  in  an  efferent  lymphatic  distinct  valvular  dilatations  are 
shown. 

Apart  from  Dr.  Budge's  one  figure  of  the  supposed  lymphatics 
of  the  periosteum,  we  have  spoken  of  his  schemcUische  drawings 
of  what  he  believed  were  the  relations  of  the  lymphatic  radicles 
to  the  cells  of  the  bone,  which  he  portrays  as  being  surrounded 
or  bathed  by  the  lymph.  With  this  are  to  be  coupled  the  state- 
ments of  those  who  speak  of  having  injected  lymphatics  coming 
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out  of  bone,  and  of  having  been  able  to  trace  the  vessels  back- 
wards into  the  cancellous  tissue  of  the  bones.  Now,  all  our 
successful  injection  of  the  lymphatics  of  the  periosteum  have 
shown  us  (what,  indeed,  any  little  knowledge  or  consideration 
of  the  anatomy  of  these  vessels  might  have  led  anyone  to  expect) 
that  it  is  impossible  to  inject  these  vessels  backwards,  and  that 
in  every  case  the  injection  fluid,  when  ouce  it  got  fairly  within 
the  lymphatics,  took  the  shortest  path  down  the  lymphatic 
stream,  never  upwards;  and  even  when,  as  we  have  described,  we 
closed  the  outlet,  and  pressure  was  brought  to  bear  on  the 
interior  of  the  vessels,  it  merely  closed  firmly  the  valves  of  the 
various  branches  leading  into  the  main  stream,  and  thus  effectu- 
ally prevented  all  regurgitation  backwards,  the  silver  solution 
in  all  cases  making  the  distended  form  and  endothelium  of  the 
valvular  dilatation  and  their  valves  distinctly  visible. 

This  result,  and  the  very  consideration  of  the  anatomy  of  the 
vessels,  merely  accentuates  Professor  Sappey's  condemnation  of 
the  statements  referred  to  as  being  without  any  value.  In 
r^ard  to  Dr.  Budge's  theory,  in  particular,  we  may  observe  that 
to  obtain  the  appearances  which  he  considers  to  warrant  his 
hypothesis,  that  is,  to  drive  a  coloured  fluid  into  the  substance 
of  the  bone  under  great  pressure,  is  a  mere  physical  operation, 
and  has  nothing  whatever  to  do  with  the  presence  or  absence  of 
lymphatics  in  that  tissue. 

In  addition,  however,  to  the  mere  consideration  of  the  argu- 
ments which  prove  the  unfounded  character  of  the  statements 
referred  to,  we  have  endeavoured,  when  injection  failed,  to  obtain 
some  results  from  silver  imbibition  that  might  bear  on  the 
question  of  the  existence  of  lymphatics  on  the  surfaces  of  bone 
unprovided  with  periosteum.  Choosing  a  bone  whose  marrow 
cavity  was  large,  and  the  wall  free  from  spicules  on  the  surface 
(and  for  this  purpose  we  found  the  humerus  of  the  horse  the 
most  convenient  of  any),  a  portion  of  about  two  inches  in  length 
was  first  sawn  off,  and  carefully  split  through  the  centre  with  a 
sharp  cleaver.  In  this  way  each  half  of  the  cylinder  of  marrow 
could  almost  be  shaken  out,  so  destitute  was  it  of  any  adhesion 
to  the  bone  cavity.  A  solution  of  silver  was  then  applied  to 
both  the  surfaces  of  the  marrow  and  of  the  wall  of  the  cavity  of 
the  bone.    The  latter  was  then  placed  for  a  couple  of  days  in  a 
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dilate  acid  solution,  which  dissolved  the  earthy  salts  sufficiently 
to  allow  the  surface  to  be  sliced  off  in  thin  sections.  When 
such  sections  were  examined  under  the  microscope,  the  spaces 
occupied  by  the  bone  cells  were  quite  distinct,  but  nowhere  was 
there  any  trace  whatsoever  of  lymphatics.  The  smooth,  free 
surface  of  the  marrow  which  had  been  left  quite  uninjured,  and 
treated  with  silver,  gave  the  same  negative  result.  The  outlines 
of  the  fat  ceUs  of  the  marrow  were  made  very  distinct,  as  well 
as  those  of  a  few  branched  cells,  and  of  the  smaller  blood-vessels 
supplying  the  marrow,  but  there  was  no  evidence  of  the  presence 
of  any  lymphatics  on  that  surface.  This  search  we  repeated 
several  times  on  different  bones,  so  that  a  comparatively  very 
large  extent  of  marrow  surface  and  surface  of  the  bone  cavities 
was  carefully  examined  by  us  without  our  finding  any  trace  of 
the  presence  of  lymphatics.  And  it  is  this  which  leads  us,  apart 
from  the  considerations  we  have  mentioned,  to  reject  the  con- 
ception of  the  presence  of  lymphatics  of  the  bone  itself,  apart, 
that  is  to  say,  from  those  of  the  periosteum,  the  outer  surface  of 
which  appears  to  be  the  true  lymphatic  periphery  of  the  whole 
osseous  apparatus. 

When  a  careful  survey  is  made  of  the  relations  of  the  lym- 
phatics to  the  blood-vessels  on  the  outer  surface  of  the  periosteum, 
it  is  found  that  the  larger  lymphatics,  almost  without  exception, 
lie  superficially  in  regard  to  the  blood-vessels,  as  if  they  had 
been  applied  to  that  surface  after  the  others  had  been  placed 
there,  and  one  feels  that  if  an  animal  large  enough  could  be 
found  whose  lymphatics  bore  any  comparison  to  its  size,  it 
might  be  possible  to  dissect  off  the  lymphatic  plexus  without 
disturbing  the  blood-vessels.  The  connection  between  the  two 
also  seems  to  be  of  the  loosest  kind,  as  shown  when  fat  cells 
develop  on  that,  surface. 

In  young  animals  it  is  seen  that,  on  the  outer  surface  of  the 
periosteum,  a  large  number  of  branched  cells  exist,  lying  along- 
side of  the  blood-capillary  plexuses  also  seen  on  that  surface. 
It  is  from  those  branched  cells,  probably  wandering  cells,  that 
the  fat  cells  which  exist  only  on  that  outer  surface  are  developed. 
When  this  development  of  fat  tissue  takes  place,  it  seems  to 
have  the  effect  of  raising  the  lymphatics  up  from  the  surfju^e  of 
the  blood-vessels,  the  fat  tissue  being  in  a  manner  interposed 
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between  the  two,  as  shown  in  fig  5.  It  is  generally  difl&cult  to 
show  the  lymphatics  under  such  conditions,  in  the  first  place, 
because  in  dissecting  off  the  loose  tissue  from  the  surface,  before 
applying  the  silver,  the  fat  gets  shed,  with  the  result  of  making 
the  surface  so  to  speak  waterproof,  and  impervious  to  the  silver 
solution,  which  therefore  fails  often  to  give  the  ordinary  reaction ; 
in  the  second  place,  the  silver  may  have  reacted  successfully, 
and  the  lymphatics  may  escape  notice,  from  the  fact  that  the 
fat  cells,  being  protoplasmic  on  the  surface,  form  a  white  ground 
substance  to  the  white  lymphatic.  Using,  however,  a  high 
magnifying  power,  and  looking  out  especially  for  the  characteristic 
outline  of  the  endothelium  cells  which  form  the  lymphatic  wall, 
enable  us  to  recognise  the  whole  lymphatic  plexus,  lying  super- 
ficial to  the  layer  of  fat  tissue  which  intervenes  between  it  and 
the  gelatinous  tissue  or  matrix,  with  its  blood-vessels  and 
nerves,  that  form  the  outer  portion  of  the  periosteum. 

It  must  not,  however,  be  imagined  that  there  are  lymphatics 
wherever  there  is  periosteum.  In  the  dura  mater  of  the  skull 
in  the  child,  which  is  regarded  as  periosteum,  there  exists  what 
at  first  sight  appears  to  be  a  dense  irregular  plexus  of  lymphatics. 
Apart,  however,  from  the  peculiar  shape  of  the  endothelium 
forming  the  walls  of  these  vessels,  careful  examination  shows 
them  breaking  up  into  fine  branches,  getting  smaller  and  smaller 
as  they  divide  and  subdivide,  until  they  become  of  the  size  of 
blood-capillaries.  They  are  indeed  blood-capillaries,  and  the 
large  vessels  forming  the  plexus  in  question  are  only  veins,  and 
not  lymphatics,  for  lymphatics  never  break  up  into  branches  in 
that  fashion,  numerous  drawings  in  numerous  published  re- 
searches into  the  lymphatics  notwithstanding,  which  by  that 
appearance  alone  may  be  recognised  as  erroneous,  as  we  have 
already  described  and  instanced  in  this  Journal.  The  peculiar 
arrangement  of  the  venous  system  on  the  dura  mater  of  the  skull 
is  no  doubt  a  special  adaptation  to  the  part,  like  the  wonderful 
venous  plexuses  on  the  surface  of  the  spinal  canal,  to  act  as  a 
buffer  for  obviating  the  effects  of  jars  and  shocks  on  the  delicate 
nerve  structures  within  them.  We  may  also  add,  when  on  this 
subject,  that  we  have  carefully  prepared  with  silver,  and  examined 
under  the  microscope,  the  internal  surfaces  of  the  thin  skulls  of 
scores  of  small  mammals,  and  have  never  yet  been  able  to 
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detect  any  vestige  of  a  lymphatic  upon  them,  although  they 
were  to  be  seen  on  the  outer  surface  qf  the  skull  in  the  perios- 
teum which  covers  that  surface. 

While  the  chief  function  of  the  lymphatics  on  the  peripheral 
surface  of  the  osseous  organ  is  that  of  a  drainage  system,  we 
ought  also  to  bear  in  mind  the  part  it  may  take  in  the  process 
of  repair  in  the  case  of  fracture  of  the  bone.  This,  however» 
pertains  more  to  the  question  of  the  formation  of  callus,  a 
subject  upon  which  we  shall  not  enter  further  at  present, 
although  it  would  scarcely  be  any  exaggeration  to  say  that 
hundreds  of  authors,  both  sui^eons,  pathologists,  and  histologists, 
have  written  about  it  without  knowing  whence  the  original 
material  which  formed  the  callus  was  derived.  They  have, 
indeed,  said  it  came  from  the  periosteum,  but  as  hitherto  all 
the  attempts  of  investigators  to  discover  lymphatics  in  the 
periosteum  have  been  unsuccessful,  it  was  a  difficult  matter  to 
explain  where  the  so-called  plastic  lymph  came  from  to  form 
the  callus.  Connected  with  this,  however,  and  with  the  remarks 
which  we  made  in  our  last  paper  regarding  the  flow  of  lymph 
that  succeeded  to  the  stoppage  of  the  bleeding  from  a  cut  in  the 
skin,  there  is  an  observation  upon  the  character  of  the  structure 
of  the  walls  of  lymphatics  wliich  we  have  to  offer.  In  nearly 
every  paper  which  we  have  published  describing  the  lymphatics 
of  various  organs  or  tissues,  we  have  stated,  in  opposition  to 
almost  every  writer  on  the  lymphatic  system,  that  in  these 
tissues  or  organs  the  walls  of  the  intrinsic  lymphatics  never 
possessed  any  muscular  or  contractile  elements,  being  formed, 
however  large  their  dimensions,  by  the  one  layer  of  thin, 
crenated,  endothelial  cells  joined  edge  to  edge.  This  is  stated 
as  a  mere  anatomical  fact,  and  as  opposed  to  the  statements  that 
the  walls  of  the  lymphatics  consisted  of  several  layers,  but  we 
saw  no  physiological  importance  in  the  fact  which  we  so 
continually  reiterated.  It  now  appears  to  us  that  for  the 
purpose  of  repair  there  is  a  definite  plan  in  the  non -contractile 
character  of  the  wall  (apart  from  the  endothelium  itself),  which 
accounts  for  the  lymph  continuing  to  flow  after  the  bleeding 
has  ceased,  in  order  that  the  lymph  may  take  the  place  of  the 
blood  at  the  spot  where  repair  is  to  be  effected,  as  seen  in  the 
case  of  a  wound  of  the  skin.    So  in  the  case  of  fracture  of  a 
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bone  and  rupture  of  the  vessels  of  the  periosteum,  the  arteries 
may  be  expected  to  close  immediately  after  the  first  rupture, 
and  with  the  effusion  of  only  a  small  quantity  of  blood  from  the 
capillaries  and  veins  of  the  part  But  following  this,  and  con- 
tinuing long  afterwards,  we  have  a  flow  of  reparative  material 
from  the  great  lymph  channels  of  the  part,  which  flow  could  not 
have  taken  place  had  their  walls,  as  in  the  case  of  the  great 
extrinsic  lymphatics  or  lacteals,  been  provided  with  muscular 
contractile  elements.  The  "  plastic  lymph "  seems  to  take  the 
place  of  the  blood  around  the  broken  extremities,  and  within  it 
the  embryonic  cells  organise  the  tissue  that  repairs  the  frac- 
tured bone. 

On  the  action  of  the  lymphatics  as  the  so-called  absorbents  in 
causing  absorption  of  bone,  we  need  add  little  to  what  we  have 
already  remarked  upon  John  Hunter's  vagaries  regarding  this 
question.  The  complete  answer  to  his  typical  examples  is  that 
the  lymphatics  are  as  far  removed  as  possible  from  the  very 
surface  where  absorption  is  going  on,  and  as  they  do  not 
exist  on  or  near  to  the  surface  which  is  being  absorbed,  they 
cannot  well  be  the  agents  in  performing  the  absorption.  Some 
modem  surgeons,  indeed,  misled  by  their  experiments,  which 
have  80  often  given  contrary  results,  deny  altogether  that  bone 
is  ever  absorbed.  Of  these  Professor  Spence  is  a  notable 
example,  for  in  the  posthumous  edition  of  his  work  on  surgery 
he  states  that  "  no  one  now-a-days  believes  in  the  absorption  of 
bone."  Yet  the  examples  quoted  by  Hunter  of  such  absorption 
are  as  plentiful  at  the  present  day  as  they  were  in  his  time,  as 
seen  in  the  absorption  of  the  alveoli  of  the  jaw  from  which  the 
teeth  have  been  removed,  of  the  sternum  or  vertebral  column 
through  pressure  of  an  aneurism,  and  even  physiologically,  as 
seen  in  the  normal  enlargement  of  the  cavities  of  the  long  bones 
during  the  period  of  growth.  Nature's  examples  of  absorption 
of  bone  being  more  satisfactory  than  the  contrary  results  obtained 
from  experiments  on  animals,  the  only  question  which  remains 
is  to  find  out  the  agents  in  the  process.  That  the  lymphatics 
cannot  so  act  we  have  shown  abundantly,  and  the  only  other 
available  agents  it  seems  to  us  are  the  wandering  or  embryonic 
cells,  which  lie  on  the  under  or  bony  surface  of  the  periosteum^ 
on  the  exterior  of  the  bones,  and  which  exist  in  such  numbers 
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in  the  marrow  cavities  that  at  the  present  day  these  cavities  are 
looked  upon  as  the  great  breeding  places  for  both  white  cells 
and  red  corpuscles.  These  cells  are  therefore  in  our  opinion  the 
only  agents  which  deserve  the  name  of  the  absorbents  of  bone. 

Finally,  the  anatomical  conditions  which  we  have  found  to 
exist  in  the  lymphatics  of  the  periosteum  may  be  shortly  ex- 
pressed in  the  following  conclusions : — 

1.  The  lymphatics  of  the  periosteum  exist  only  on  the  outer 
surface,  or  within  the  outer  gelatinous  (white  fibrous)  stratum 
of  the  membrane.  They  never  reach,  or  ramify  upon,  the  inner 
or  bone  surface  of  the  periosteum,  and  this  holds  good  for  all 
animals  and  all  ages  that  we  have  as  yet  examined. 

2.  When  the  periosteum  is  thin,  more  especially  when  the 
animal  is  old,  the  whole  lymphatic  plexus  lies  free  upon  the 
outer  surface.  When  the  periosteum  is  thick,  and  a  deep 
cellular  stratum  exists  on  the  inner  surface,  as  in  growing 
animals,  the  smaller  twigs  pass  beneath  the  outer  surface,  but 
never  reach  or  enter  the  cellular  stratum. 

3.  In  the  great  majority  of  cases,  the  lymphatics  seem  to 
be  specially  and  regularly  arranged  for  the  drainage  of  the 
main  lines  of  blood-vessels,  which  ramify  like  a  network  on  the 
outer  surface  of  the  periosteum,  where  they  are  accompanied  by 
the  lymphatica  The  lymphatics  seldom  enter  the  area  of  the 
large  open  meshes  thus  formed,  or  leave  the  companionship  of 
the  large  blood-vessels. 

4  No  lymphatics  exist  on  the  surface  of  the  great  cavities  in 
bone,  where  the  marrow  lies  directly  in  contact  with  the  bone. 
There  is  thus  every  reason  to  believe  that  the  lymphatics  never 
come  in  contact  with  the  bone  itself,  and  that  bone  possesses  no 
lymphatics  apart  from  those  found  within  the  periosteum,  which 
may  be  physiologically  considered,  therefore,  as  the  lymphatics 
of  bone. 

DESCRIPTION  OF  PLATE  XIV. 

(Drawings  made  by  the  aid  of  the  Camera  Lucida^  and  aftervHirds 
reduced  by  Photography,) 

Fig.  1.  View,  under  a  low  power,  of  the  whole  of  the  lymphatics 
of  a  portion  of  the  periosteum,  from  the  tibia  of  an  old  horse.    These 
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lymphatics  are  8i)ecially  adapted  for  the  drainage  of  the  main  lines  of 
blood-vessels;  they  lie  wholly  on  the  outer  surface  of  the  perios- 
teum {^). 

Fig.  2.  Similar  view  of  lymphatics,  chiefly  efferent,  from  the  outer 
surface  of  the  periosteum  of  the  tibia  of  a  young  goat.  A  little 
to  the  right  of  the  centre  of  the  figure  is  neutral  ground,  where  the 
terminal  twigs  of  two  great  lymphatic  streams,  flowing  in  opposite 
directions,  meet.  The  lateral  afferent  branches,  a/,  lie  immediately 
beneath  the  outer  surface,  but  never  reach  the  inner  surface  or  cellular 
portion  of  the  periosteum  (^\y). 

Fig.  3.  Similar  view  of  the  whole  of  the  lymphatics  on  the  outer 
surface  of  a  portion  of  the  periosteum,  from  the  humerus  of  a  horse. 
This  figure  represents  one  of  the  centres  towards  which  the  various 
plexuses,  similar  to  those  seen  in  fig.  1,  direct  their  lymph  streams, 
preparatory  to  the  lymph  passing  away  from  the  periosteum,  which  it 
did  a  little  beyond  the  centre  of  the  upper  edge  of  the  figure  (^). 

Fig.  4.  Shows  very  fine  lymphatic  twigs  connecting  the  larger  and 
more  superficial  trunks,  from  the  deeper  stratum  of  the  outer  or 
gelatinous  portion  (white  fibrous)  of  the  periosteum  of  the  tibia  of  a 
young  man  (y^). 

Fig.  5.  Shows  a  portion  of  one  of  the  large  lymphatics,  from  the 
same  preparation  and  under  the  same  magnifying  power  as  fig.  4. 
It  lies  on  a  bed  of  fat  cells,  on  the  free  outer  surface  of  the  perios- 
teum (^j). 

Fig.  6.  Shows  the  difference  between  II,  the  lymphatics  on  the 
outer  surface,  cc,  the  blood-capillaries,  and  bb,  the  branched  cells  on 
the  inner  or  bone  surface  of  the  periosteunt  Thb  is  only  a  more 
highly  magnified  portion  of  the  preparation  drawn  in  fig.  3,  taken 
from  a  little  above  the  centre  of  the  flgure.  These  blood-capillaries 
will,  on  examination,  be  seen  to  be  identical  with  what  Budge 
supposed  to  be  lymphatics.  To  prevent  undue  complexity,  only  a 
small  portion  of  the  ground  substance,  with  its  branched  cells  of  the 
inner  surface,  has  been  inserted  at  the  upper  right  hand  comer  of  the 
drawing.  In  this  case  the  periosteum  was  so  thin  that,  after  drawing 
the  lymphatics  on  the  one  surface,  the  structures  on  the  other  surface 
were  next  drawn,  without  moving  the  preparation,  and  with  very- 
slight  lowering  of  the  focus  of  the  microscope  (^). 

Arteries,  a ;  veins,  v ;  lymphatics,  I;  fat  cells,/;  branched  cells,  b ; 
nerve  bundle,  n ;  meshes,  m ;  blood-capillaries,  c. 
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THE  BRACHIAL  PLEXUS  OF  THE  MACAQUE  MONKEY 
AND  ITS  ANALOGY  WITH  THAT  OF  MAN.i  By 
W.  Tykrell  Brooks,  (IcUe  Demonstrator  of  Anatomy), 
Demonstrator  of  Physiology  in  Kiv^s  Collegey  London, 

From  a  comparison  of  six  dissections  which  I  have  recently 
made,  I  find  that  the  brachial  plexus  of  the  Macaque  Monkey 
includes  in  its  origin  the  whole  of  the  5th,  6th,  7th,  and  8th 
cervical  nerves,  while  it  receives  from  above  a  considerable 
branch  of  the  4th  cervical,  and  from  below  the  main  trunk  of 
the  1st  dorsal  nerve.  The  4th  cervical,  which  is  a  nerve  of  con- 
siderable size,  gives  ofif  a  branch,  which,  running  downwards, 
joins  the  small  5th  cervical  just  as  the  latter  gives  ofiT  the 
phrenic  nerve. 

This  is  constant,  and  some  of  the  fibres  from  the  4th  cervical 
may  be  traced  passing  over  the  5th  (though  apparently  blended 
with  this  nerve),  and  entering  the  phrenic. 

The  5th  cervical,  after  having  received  its  communicating 
branch  from  the  4th,  runs  to  join  with  the  6th  cervical,  forming 
with  this  nerve  an  upper  trunk,  from  the  commencement  of 
which  springs  a  large  nerve,  the  suprascapular.  This  is  an 
arrangement  entirely  constant,  and  agrees  with  the  origin  of  the 
same  nerve  in  men,  with  the  slight  exception  that  it  takes  more 
of  the  fibres  of  the  6th  than  in  the  similar  human  nerve.  After 
this  the  upper  trunk  divides,  giving  off  one  branch  running 
anteriorly  to  the  other. 

The  anterior  branch  is  longer  than  the  upper  trunk  itself,  and 
unites  with  a  branch  from  the  7th  cervical,  forming  by  its  union 
an  upper  cord,  which  is  short. 

From  the  anterior  surface  of  this  upper  cord  springs  the 
external  anterior  thoraic,  whilst  the  cord  itself,  after  giving  off 
the  external  cutaneous  nerve,  ends  as  a  large  branch;  which,  run- 
ning downwards,  forms  the  upper  or  outer  head  of  the  median. 

^  In  referriDg  to  the  human  plexus,  I  haye  used  chiefly  Quain's  AncUtnny^ 
ToL  i  (last  edition) ;  Mr.  Clement  Lucas's  paper  on  the  ''Arrangement  of 
the  Human  Brachial  Plexus "  (Guy's  Hospital  Reports) ;  and  Dr.  J.  Henle's 
AfuUomie  Des  Menscheti, 
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The  posterior  branch  from  the  upper  trunk  is  larger  than  the 
corresponding  anterior  branch,  and  descends  to  meet  a  similar 
branch  from  the  7th  cervical,  giving  off  in  its  course  two  small 
subscapular  nerves  (this  being  an  arrangement  frequently  met 
with  in  man),  whilst  from  its  point  of  union  arises  a  considerable 
trunk,  which,  after  running  outwards  for  a  distance,  subdivides 
into  the  middle  subscapular  and  a  large  nerve  the  circumflex. 
After  originating  this  branch,  the  coiy'oined  posterior  branches 
of  the  upper  trunk  and  7th  cervical  pass  downwards,  and,  unit* 
ing  with  a  posterior  branch  of  almost  similar  length  arising  from 
the  combioed  8th  cervical  and  1st  dorsal,  form  a  very  large  nerve, 
the  musculo-spiral 

Besides  this  posterior  branch  of  the  conjoined  8th  cervical  and 
1st  dorsal  trunk,  another  cord,  lower  in  position  and  longer, 
arises.  This  gives  off  from  its  face  the  internal  anterior  thoracic, 
and  continuing  on  subdivides  into  two  nerves  of  almost  equal 
calibre,  the  upper  one  of  which  unites  with  the  branch  from  the 
outer  curd  to  form  the  median  nerve;  the  lower  continues  a 
straight  course  (giving  off  from  its  lower  side,  close  to  its  point 
of  origin,  the  internal  cutaneous  nerve),  and  is  the  ulnar  nerve. 

These  are  the  chief  of  the  regular  nerves  of  the  brachial 
plexus  originating  below  the  clavicle.  I  will  now  go  on  to 
describe  some  of  the  less  regular  branches,  together  with  those 
that  arise  above  the  clavicle.  A  very  constant  nerve  is  that  to 
the  subclavius  muscle ;  it  arises  from  the  6th  cervical,  and  gives, 
besides  its  muscular  branch,  a  considerable  branchy  which,  run- 
ning over  the  scalenus  anticus,  unites  with  the  phrenic  as  this 
is  disappearing  into  the  thorax. 

This  branch  is  a  very  constant  one,  and  in  the  only  case  in 
which  I  have  failed  to  find  it,  the  phrenic  obtained  fibres  from  the 
6th  cervical  by  taking  one  of  its  roots  from  this  nerve  directly. 

The  phrenic  arises  from  the  5th  cervical,  just  where  that  nerve 
receives  the  communicating  branch  from  the  4th,  and  has  a  com- 
municating branch  of  large  size  from  the  nerve  to  the  sub- 
claviua 

Its  two  varieties  are,  either  that  it  has  separate  roots  from 
both  4th  and  5th  cervical,  or,  as  I  mentioned  above,  where  it 
fails  to  receive  fibres  from  the  6th  through  the  nerve  to  the 
subclavius,  it  may  obtain  a  special  root  from  thte  6th  itself :  it  is 
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constant,  therefore,  in  this  respect,  viz.,  that  it  obtains  in 
some  way  or  other  nerve  fibres  from  the  4th,  5th,  and  6th 
cervical  nerves.  Coming  oflf  from  the  back  of  the  plexus,  and 
most  constant  in  its  origin,  is  the  nerve  of  BelL  This  im- 
portant nerve  arises  by  two  heads  from  the  6th  and  7th 
cervical  nerves  respectively  shortly  after  they  emerge  from  the 
intervertebral  foramina. 

The  nerve  to  the  rhomboids  seems  a  little  uncertain  in  its 
origin,  but  most  generally  it  comes  from  that  head  of  the  nervre 
of  Bell  which  arises  from  the  6th  cervical.  It  may,  however, 
have  a  higher  origin  from  the  5th  cervical  nerve  direct.  (Lucas, 
in  his  description  of  the  human  brachial  plexus,  mentions  the 
origin  of  this  nerve  from  the  upper  head  of  the  posterior  thoracic 
nerve  as  a  regular  arrangement.) 

The  long  subscapular  is  much  less  constant  in  its  origin  than 
its  fellow  of  the  same  name,  in  one  case  arising  from  the 
posterior  branch  of  the  7th  nerve  as  this  was  going  to  form  the 
upper  head  of  the  musculo-spiral,  in  another  case  from  the  back 
of  the  musculo'Spiral  trunk  itself,  whilst  in  a  third  it  arose  still 
nearer  the  bottom  of  the  plexus  by  coming  from  the  lower  head 
of  the  musculo-spiral  (i£.,  that  head  which  arises  from  the 
conjoined  8th  cervical  and  1st  dorsal).  In  a  fourth  case  it  took 
its  origin  from  the  posterior  branches  of  the  7th  cervical  and  of 
the  conjoined  8th  cervical  and  1st  dorsal  (coming  in  fact  from  the 
two  heads  of  the  musculo-spiral).  Its  origin,  therefore  seems 
constant  in  always  beingrelated  to  the  musculo-spiral  in  someway. 

The  internal  anterior  thoracic  always  receives  a  branch  from 
the  outer  cord,  in  some  cases  coming  from  this  directly,  in  others 
arising  as  a  branch  from  the  external  anterior  thoracic,  entering 
the  internal  thoracic  before  this  supplies  any  muscular  twigs. 

The  lesser  internal  cutaneous  nerve  was  in  some  cases  absent, 
its  place  being  supplied  by  a  large  branch  from  the  intercostal 
of  the  2nd  dorsal;  in  one  case  it  arose  from  the  internal 
cutaneous,  and  in  another  from  the  internal  anterior  thoracic. 

The  nerves  to  the  scaleni  and  longus  colli  are  uncertain  in 
their  origin,  coming  irregularly  from  the  upper  nervous  cords. 
The  similarity  of  the  above  description  with  the  brachial  plexus 
in  man  is  evident    The  chief  peculiarities  are  the  following : — 

The  4th  nerve  is  larger,  and  its  branch  to  the  5tb  of  more 
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importance,  the  5th  itself  being  considerably  smaller  than  in 
man. 

Tlie  7th  nerve  divides  into  its  anterior  and  posterior 
branches  almost  immediately  on  leaving  the  intervertebral 
foramen,  and  not,  as  in  the  human  plexus,  remaining  undivided 
for  one  or  two  inches. 

The  8th  and  1st  dorsal  unite  much  earlier,  and  in  the 
Macaque  Monkey  form  a  large  thick  cord,  which,  until  traced 
close  to  its  origin,  appears  to  be  only  one  nerve. 

The  1st  dorsal  nerve  is  smaller  comparatively  than  is  usually 
found  in  man.  (Henle,  however,  in  his  drawings,  makes  the 
1st  dorsal  in  man  to  bear  very  much  the  same  relation  to  the  8th 
cervical  as  that  which  I  have  found  in  this  series  of  dissections.) 

The  phrenic,  which,  in  man,  is  usually  described  as  arising 
mainly  ivom  the  4th  cervical,  and  having  its  accessory  roots 
from  the  3rd  and  5th,  here  arises  somewhat  lower,  receiving  a 
constant  origin  from  the  4th  and  5th,  and  generally  obtain- 
ing its  fibres  from  the  6th  cervical  through  the  nerve  to  the 
subclavius,  sometimes,  however,  having  a  direct  root  from  the 
6th  itself.  I  have  not  found  any  communicating  branch  from 
the  5th  and  6th  nerves  to  the  phrenic  just  as  this  enters  the 
thorax,  which  is  a  frequent  arrangement  in  man. 

The  nerve  to  the  subclavius  is  a  comparatively  large  one,  and 
arises  solely  from  the  6th,  and  not  as  in  man  from  the  5th  and 
6  th.  (In  one  of  Henle's  plates  of  the  brachial  plexus  he 
figures  this  nerve  as  coming  oflf  direct  from  the  6th.) 

The  external  respiratory  has  a  lower  origin  than  the  same 
human  nerve  coming  from  the  6th  and  7th  instead  of 
from  the  5th  and  6th.  The  origin  of  the  circumflex  and 
middle  subscapular  from  the  posterior  branches  of  the  conjoined 
5th  and  7th,  and  of  the  7th,  is  dissimilar  to  man  where  the 
circumflex  originating  from  the  posterior  cord  receives  fibres 
not  only  from  the  5th,  6th,  and  7th,  but  from  the  8th  cervical 
and  1st  dorsal  also. 

The  external  anterior  thoracic  arose  always  in  my  dissections, 
by  one  head,  and  not,  as  is  usually  described  in  the  human  body, 
by  two.  There  was  a  very  constant  branch  from  this  nerve  to 
the  internal  anterior  thoracic.  This,  however,  frequently  occurs 
in  man,  and  is  figured  more  than  once  in  Henle's  plates. 
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A  CASE  OF  PKIMAEY  SAECOMA   OF  THE  PLEURA. 
By  R  W.  Greenish,  F.R.C.S.    (Plate  XV.) 

Prim ABT  sarcoma  of  the  pleura  has  been  so  seldom  met  with, 
that  the  following  case  deserves,  I  think,  being  put  upon  record, 
especially  as  its  origin  presents  several  points  of  interest 

The  patient,  aged  54,  was  admitted  into  hospital  with  what 
appeared  to  be  simple  chronic  bronchitis;  she  was  thin  and 
pale,  lips  and  finger  nails  somewhat  blue,  troublesome  cough, 
and  very  short  of  breath.  Physical  examination  revealed  only 
a  few  r&les  over  chest  She  improved  so  much  under  treatment 
as  to  be  able  to  leave  her  bed.  A  month  after  admission  she 
became  much  worse ;  breathing  was  very  rapid,  and  there  were 
all  the  signs  of  obstruction  to  the  circulation,  such  as  blueness 
of  lips,  &C.  Physical  examination  showed,  in  addition  to  the 
above  r&les,  dulness  at  the  left  base.  Breathing  became  steadily 
worse,  and  she  died  in  the  course  of  twenty-four  hours.  All  the 
history  that  could  be  obtained  was  that  her  first  husband  and 
one  child  died  of  phthisis ;  no  history  of  tumour  of  any  kind. 

Post-Tnortem. — ^Twelve  hours  after  death.  Heart  right  side 
distended  with  blood.  Bight  lung  congested ;  on  pleura  a  small 
cicatrix.  Left  side  of  chest  full  of  fluid.  Pleura,  pulmonary, 
costal  and  diaphragmatic  much  congested,  and  covered  more  or 
less  thickly  with  small  nodules ;  these  were  most  abundant  over 
upper  part  of  costal,  and  on  diaphragmatic  pleura,  but  attaining 
their  largest  size  on  the  former ;  over  the  rest  of  costal  pleura 
and  on  lung  they  were  much  less  numerous.  The  majority  of 
the  nodules  varied  in  size  from  some  only  just  visible,  to  that  of 
a  small  pea ;  they  were  irregularly  rounded  in  shape,  and  often 
markedly  nodular;  some  were  sessile,  others  attached  by  a 
pedicle,  which  in  some  cases  was  extremely  thin ;  all  those  of 
large  and  medium  size  showed  patches  of  pigment  on  the 
surface,  and  round  the  more  sessile  growths  was  a  zone  of 
congested  vessels.  On  section  they  were  hard  and  cartilaginous, 
had  a  greyish  semitranslucent  appearance,  generally  with  patches 
of  pigment,  and  often  containing  an  opaque  white  patch  in 
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centre.  Some  of  the  nodules  terminated  on  their  free  end  in  a 
thin  fibrous  cord,  varying  from  1  to  3  and  4  centimetres  in  length 
and  occasionally  two  or  three  were  seen  matted  together  by 
such  tissue.  One  nodule  on  the  upper  part  of  the  costal  pleura 
differed  from  the  others  as  regards  its  size;  it  was  a  lai^e 
irregular  sessile  growth  2  centimetres  long  by  1  broad  and  |  in 
thickness.  In  the  diaphragmatic  pleura  the  nodules  were  all 
small,  but  so  numerous  that  the  serous  membrane  was  in  great 
part  converted  into  an  opaque  membrane  from  1  to  2  millimetres 
in  thickness.  They  appeared  at  first  as  small  flat  elevations, 
situated  just  under  the  serous  membrane,  which  they  gradually 
raised,  while  the  seat  of  attachment  became  more  and  more 
constricted,  finally  resulting  in  a  freely  movable  pedunculated 
nodule.  The  condition  of  the  pulmonary  pleura  was  a  little 
different,  the  growth  was  level  with  the  surface,  occasionally  in 
small  circular  patches,  but  oftener  having  a  radiated  arrange- 
ment On  section  they  were  wedge>shaped,  the  point  of  the 
wedge  being  directed  inwards.  There  was  little  to  note  in  the 
other  organs ;  the  right  lung  was  congested,  lymphatic  glands 
slightly  enlarged.  Kidneys  were  congested,  left  contained  a 
small  abscess  just  underneath  the  capsule.  Liver,  spleen,  and 
intestines  healthy;  ovaries  studded  with  small  cysts.  In  the 
cervical  canal  of  the  uterus  were  a  few  patches  of  superficial 
ulceration. 

Microscopical  EocamincUion. — When  examined  under  a  low 
power  all  the  nodules  showed  in  the  main  the  same  structure, 
viz.,  a  more  or  less  developed  alveolar  arrangement,  the 
alveoli  being  filled  with  large  epithelioid  cells,  as  in  fig.  1, 
which  shows  the  section  of  a  nodule  taken  from  the  costal 
pleura;  the  fibrous  tissue  was  in  all  abundant,  in  some  very 
abundant,  but  what  was  more  striking  was  the  extreme  irregu- 
larity in  the  shape  and  size  of  the  alveoli,  some  being  large  and 
rounded,  others  small,  and  appearing  as  mere  fissures  in  the 
fibrous  tissue  as  at  a.  Even  under  a  low  power  fine  bands  could 
be  seen  passing  across  the  spaces,  as  at  ft;  but  under  a  high 
power  this  apparent  alveolar  structure  almost  entirely  disap- 
peared, bands  of  fibrous  tissue  being  seen  dividing  the  alveoli  into 
small  spaces  mostly  holding  three  or  four  cells,  occasionally  more. 
By  pencilling  as  in  fig.  2,  this  structure  came  out  extremely 
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dearly.  The  cells  were  large,  containiDg  a  well-marked  nudeus 
and  often  nucleolus ;  they  closely  resembled  those  of  cancer,  but 
differed  in  being  subject  to  more  variety  in  size ;  the  protoplasm 
was  often  very  ill-defined,  and  both  it  and  the  nucleus  stained 
but  very  imperfectly,  hence  rendering  it  frequently  a  matter  of 
diflSculty  to  distinguish  the  body  of  the  cell  from  the  adjacent 
fibrous  tissue.  Towards  the  circumference  of  the  nodule  the 
connective  tissue  became  gradually  denser,  and  formed  a  sort  of 
capsule,  as  at  c  (fig.  1),  which  here  and  there  contained  blood- 
vessels. On  its  deep  surface  was  a  layer  of  fibrous  tissue,  the 
thickened  subserous  structures,  to  the  contraction  of  which  the 
pedunculated  condition  of  many  of  the  nodules  was  dud.  In 
none  of  the  larger  nodules  could  any  bloodvessels  be  seen,  only 
in  the  capsule. 

Those  on  the  diapliragm  differed  in  containing  more  fibrous 
tissue,  and  in  the  alveolar  spaces  being  here  and  there  very 
much  larger,  containing  as  many  as  twenty  or  thirty  cells,  without 
any  bands  subdividing  them.  In  many  sections  the  serous  mem- 
brane between  the  nodules  was  infiltrated  with  these  cells,  some 
occurring  singly,  others  in  rows,  others  again  in  small  groups* 
while  the  fibrous  tissue  was  increased  in  quantity,  and  both  it 
and  the  subserous  tissue,  but  especially  the  latter,  infiltrated 
with  round  cells.  As  regards  the  lymphatic  vessels  it  was  very 
difficult  to  speak  with  certainty ;  the  larger  vessels,  especially 
those  of  the  subserous  tissue,  were  nearly  always  free ;  very 
seldom  could  I  see  anything  that  resembled  a  lymphatic  vessel 
filled  with  ceUs,  even  in  sections  taken  parallel  to  the  surface  as 
recommended  by  Schulz  {Archiv,  der  Heilhinde,  B.  xviL),  and 
this  was  always  when  the  process  was  moderately  advanced, 
never  in  the  early  stages,  and  chiefly  in  those  from  the 
diaphragm.  The  nodules  from  the  lung  differed  from  either  of 
the  above.  Here  two  layers  could  be  made  out — a  superfidal 
one,  in  which  the  connective  tissue  was  extremely  well  de- 
veloped, and  very  rich  in  cells,  the  alveoli  being  often  widely 
separated  from  one  another ;  these  too  were  much  larger  than  in 
the  parietal  pleura,  often  had  a  direction  parallel  to  the  surface, 
and  were  occasionally  provided  with  processes,  which  anas- 
tomosed with  those  from  neighbouring  alveoli  Blood-vessels 
were  also  very  frequently  met  with  in  this  layer.     In  the  deeper 
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stratum  the  epithelioid  cells  increased  in  number,  while  the 
fibrous^tissue  became  less  and  less,  till  little  but  cells  were  to  be 
seen.  The  adjacent  lung  alveoli  were  generally  filled  with 
epithelial  cells,  and  their  walk  somewhat  thickened ;  and  thus 
they  came  to  closely  resemble  the  structure  of  a  nodule,  differing 
only  in  the  size  of  the  alveolL 

Formation  of  the  No^vles, — The  first  change  to  be  noticed  was 
that  the  serous  membrane  became  thickened  at  one  point,  and  the 
subserous  tissue  infiltrated  with  round  cells,  which  were  mostly 
situated  round  the  blood-vessels.  The  thickening  of  the  serous 
membrane  was  due  partly  to  an  increase  of  the  fibrous  tissue, 
partly  to  its  being  infiltrated  with  round  cells;  these  latter 
occurred  either  singly,  or  more  often  in  rows  of  three,  four,  or 
more,  as  at  a  (fig.  3),  which  is  taken  from  the  edge  of  a  small 
nodule  on  the  parietal  pleura;  the  cells  appeared  to  remain 
only  a  very  short  time  in  this  condition,  but  gradually  acquired 
a  zone  of  protoplasm  round  them  (6,  fig.  3),  which  increased  till 
they  assumed  the  appearance  of  large  epithelial  ceUs,  as  at  c 
and  d,  sometimes  being  in  groups,  c,  sometimes  in  long  rows, 
d.  These  cells  were  thus  evidently  derived  from  the  ordinary 
connective  tissue  cells. 

Several  cases  of  the  same  form  of  sarcoma  of  the  pleura  have 
been  described  by  various  authors.  Thus,  Lebert  ^  gives  details 
of  three  cases.  Bidal,^  Lepine,*  Bohme,*  Schulz,*^  Birch-Hirsch- 
field,*  Eppinger,^  and  Unverricht®  have  each  observed  a  case, 
which  with  mine  make  eleven  in  all.  These  cases  all  resembled 
one  another  in  that  the  disease  occurred  as  an  infiltration  of  the 
pleura,  converting  it  into  a  thick  layer  of  hard  cartilaginous 
tissue  from  one  to  several  centimetres  in  thickness.  In  two  cases 
was  the  disease  confined  to  the  right,  in  six  to  the  left,  and  in 
three  were  both  sides  affected,  though  in  one  case,  Schulz's,  the 
disease  was  more  advanced  on  the  left  side ;  thus  really  making 

^  TraiUcCanaiomiquepcUhol, 

'  Bulletins  de  la  socieU  anatomique,  tome  xxviL 

'  Ibid,  tome  xiv. 

*  Virchow*8  Archiv,  Band  81. 

'  Archiv,  der  Heilktmde,  B.  xv. 

*  Lehrlnuh  der  pcUhologischcn  Anatomie. 
'  Schmidt's  Jahrbuch,  1880. 

■  ZeitschriftfUr  klinische  Medicin,  1882. 
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seven  cases  of  leftrsided  against  two  right-sided  affection.  It 
also  does  not  seem  to  attack  the  different  portions  of  the  pleura 
eqnally,  for  in  six  cases  it  is  distinctly  stated  to  have  been  more 
advanced  on  the  costal  pleura  than  on  the  rest  of  the  membrane. 
As  r^ards  the  ages  of  the  patients  all  but  one  were  middle  aged 
or  over,  viz.,  from  35  to  62 ;  in  one  only,  that  of  Lepine,  was  the 
patient  young,  viz.,  10  years.  The  symptoms  during  life  were  in 
most  cases  those  of  simple  chronic  pleuritic  effusion.  The 
microscopical  appearances  were  in  all  those  of  alvjeolar,  or,  as  it 
is  often  called,  endothelial,  sarcoma ;  and  its  malignant  nature  is 
shown  in  four  cases,  in  which  secondary  deposits  in  the  internal 
organs  occurred ;  in  fact,  it  seems  to  possess  the  same  relation  to 
the  ordinary  forms  of  sarcoma,  that  the  infiltrating  form  of 
cancer,  the  squirrhe  en  cuirasse  of  Yelpeau,  does  to  the  medul- 
lary cancer.  Birch-Hirschfield,  Bohme,  Eppinger,  and  Schulz,  in 
the  description  of  their  cases,  state  that  the  growth  could  be 
plainly  seen  to  commence  in  the  endothelium  of  the  lymphatic 
vessels;  the  last-named  author  gives  an  especially  minute 
account  of  his  case,  in  which  the  endothelium  could  be  seen  to 
enlarge,  divide,  and  finally  fill  the  vessel  with  large  epithelial- 
like  ceUs.  Bohme's  description  is  very  much  similar,  excepting 
that  he  gives  two  alterations  as  occurring  in  the  endothelium, 
viz.,  an  hypertrophy,  in  which  the  cells  were  simply  larger,  and 
an  hyperplasia,  in  which  they  were  increased  in  number.  In 
my  case  I  was  unable  to  trace  their  origin  from  the  Ijrmphatic 
vessels ;  only  here  and  there,  and  then  mostly  in  the  diaphrag- 
matic pleura,  could  a  vessel  be  seen  filled  with  cells ;  and  in 
none  of  the  sections  could  I  see  the  branching  structures 
described  by  these  authors,  excepting  perhaps  in  those  taken 
from  the  lungs,  and  these  nodules  were  evidently  secondary  to 
those  on  the  costal  pleura.  The  appearance  of  the  cells,  either 
isolated  or  in  short  rows,  as  described,  seems  to  point  most 
distinctly  to  their  origin  from  the  connective  tissue  cells,  and 
this  is  further  borne  out  by  the  structure  of  the  larger  nodules, 
for  it  IS  difficult  to  see  how  a  so  fine  meshed  alveolar  structure 
could  be  produced  had  the  disease  begun  in  the  lymphatic 
vessels.  That  the  cells  thus  formed  may  rapidly  find  their  way 
into  these  vessels,  and  there  multiply  or  even  infect  the  en- 
dothelial cells,  is  extremely  probable,  and  is  supported  by  their 
VOL.  xvn.  Y 
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occasional  appearance  in  the  vessels  of  the  diaphragmatic 
nodules.  The  reason  of  this  difference  between  my  results  and 
those  of  the  other  observers  may,  I  think,  be  very  well  accounted 
for  by  the  difference  in  the  stages  of  the  respective  cases — ^tbeir's 
being  advanced,  mine  being  comparatively  recent 


EXPLANATION  OF  PLATE  XV. 

Fig.  1.  Section  from  a  nodule  on  parietal  pleura,  x  80 ;  a,  fissure 
like  alveolus ;  6,  fine  fibrous  band  in  alveolus ;  c,  capsule. 

Fig.  2.  Section  from  same  nodule  pencilled,  x  about  250. 

Fig.  3.  Section  from  a  nodule  on  parietal  pleura,  taken  from  the 
edge  of  the  growth,  x  400 ;  a,  rows  of  small  round  cells ;  &,  the 
same  cells  enlarging ;  c,  epithelioid  cells  formiug  a  group ;  d,  epi- 
thelioid cells  in  rows. 
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INFILTRATING  CARCINOMA  OF  BREAST.    By  Gilbert 
Barung,  M.B.,  F.RC.S.    (Plate  XV.) 

£.  T.,  a  female,  aged  46  years,  was  admitted  to  the  General 
Hospital,  Birmingham,  on  January  17, 1882,  under  the  care  of  Mr. 
T.  H.  Bartleet,  by  whose  kindness  I  am  enabled  to  report  the  case. 
The  patient  was  an  anaemic,  worn-looking  woman,  coming  to  the 
hospital  for  relief  from  a  painful  enlargement  of  the  left  breast. 
On  examining  this  part  it  was  found  to  be  considerably  larger 
than  the  right ;  it  was  smooth  and  elastic,  no  tumour  could  be 
defined  in  it,  and  manipulation  conveyed  the  impression  of  a 
generally  inflamed  breast ;  the  skin  was  red  and  oedematous,  ad- 
herent over  a  small  patch  towards  the  outer  part;  the  nipple  was 
retracted,  and  the  whole  breast  moved  freely  on  the  deep  tissues. 
Examination  of  the  axilla  revealed  some  glands,  slightly  enlarged, 
extending  high  up  towards  the  root  of  the  neck. 

The  patient's  previous  history  was  that  of  fair  health  until  the 
commencement  of  her  present  trouble,  fifteen  weeks  before  ad- 
mission, when  she  sprained  her  left  pectoral  muscles,  and  suffered 
pain  in  the  breast  as  a  consequence.  Five  weeks  later  she 
noticed  a  hardness  round  the  nipple,  and  a  curdy  white  discharge 
from  the  latter,  the  hardness  extended  and  the  pain  increased, 
being  felt  soon  in  the  axilla.  All  these  conditions  became  ag- 
gravated until  the  time  of  admission.  Patient  had  been  married 
four  months,  was  still  menstruating,  and  knew  of  no  hereditary 
taint  of  malignant  disease.  After  consultation  Mr.  Bartleet  de- 
termined to  explore  the  breast,  and,  in  the  absence  of  inflamma- 
tory products,  to  remove  the  tumour  and  the  glands.  This  was 
done  on  January  28th;  the  whole  of  the  breast,  the  pectoral 
fascia  and  the  muscles,  and  a  wide  strip  of  skin,  including  the 
nipple,  were  removed,  also  a  handful  of  glands,  some  of  which 
extended  beneath  the  clavicle.  The  patient  did  very  well  at 
first,  but  healing  was  later  very  protracted,  owing  to  the  free 
removal  of  skin,  and  before  it  was  completed  there  was  most 
extensive  recurrence  in  a  complete  circle  around  the  edge  of  the 
incision,  the  recurrence  extending  rapidly  over  the  chest  wall, 
the  whole  presenting  a  brawny,  oedematous  condition,  with  dusky 
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redness  of  the  overlying  skin.  Death  took  place  in  June,  outside 
the  hospital,  but  no  post-mortem  could  be  obtained.  On  examin- 
ing the  removed  organ  it  was  not  possible  to  recognise  any  defined 
growth;  there  was  simply  seen  a  general  enlargement  of  the 
breast,  of  moderately  firm  consistence,  without  cysts  or  degenera- 
tion, and  not  resembling  either  the  hard  or  soft  carcinomata 
generally  met  with  in  that  gland.  The  skin  was  afifected  only 
where  it  was  adherent,  and  examination  of  the  circumference 
of  the  growth  showed  that  the  disease  bad  been  completely 
removed. 

The  accompanying  drawing,  kindly  made  for  me  by  Dr. 
Saundby,  shows  that  the  growth  consists  principally  of  alveoli, 
packed  with  very  large  epithelial  cells  (A  in  the  drawing),  many 
of  them  multi- nucleated,  the  spaces  being  generally  close  to- 
gether ;  in  addition  there  were  some  acini,  remnants  of  the  gland 
tissue  probably  (B  in  the  drawing),  surrounded  by  small  celled 
infiltrations,  and  containing  epithelium,  which  contrasts  remark- 
ably in  size  with  that  above  referred  to  (A)  (Plate  XV.  fig.  4). 

There  are  several  points  of  interest  about  this  case ;  its  clinical 
aspect  suggested  that  it  might  be  an  inflammatory  condition; 
on  microscopical  examination,  after  removal,  one  still  doubted 
whether  it  might  not  really  be  so ;  the  rapid  occurrence  of  the 
growth  after  the  supposed  injury  is  notable,  as  is  the  excite- 
ment the  breast  tissue  would  be  subjected  to  by  her  recent 
marriage,  at  an  age  when  carcinoma  so  commonly  originates. 
The  recurrence  was  what  one  might  call  terrific,  both  in  its 
rapidity  and  its  extent  I  have  used  the  term  ''infiltrating 
carcinoma"  because  it  expresses  better  than  any  other  the 
general  and  microscopical  characters  of  the  growth,  although  I 
may  lay  myself  open  to  the  charge  of  using  unnecessary  defini- 
tions when  speaking  of  carcinoma  as  **  infiltrating." 
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OBSERVATIONS  ON  THE  DIAMETERS  OF  HUMAN 
VERTEBRAE  IN  DIFFERENT  REGIONS.  By  R.  J. 
Anderson,  M.A.,  M.D.,  Demonstrator  of  Anatomy,  Queen's 
College,  Belfast. 

The  measurements  of  the  bodies  of  vertebrae  were  made  with  a 
view  to  determine  their  relations  in  various  regions,  and  to  the 
diameters  in  other  regions. 

The  vertical  diameters  of  the  cervical  region  in  front  and 
behind  were  generally  the  same — ^a  fact  generally  recognised. 
In  the  dorsal  region  the  anterior  vertical  diameter  is  generally 
less  than  the  posterior.  The  difference  is  less  above.  In  the 
lumbar  the  anterior  diameter  may  be  equal  to,  greater,  or  less, 
than  the  posterior,  always  excepting  the  last.  The  diameters 
were  measured  with  a  millimetre  rule.  Most  anatomists  re- 
cognise the  fact  that  the  lumbar  curve  is  mainly  due  to  the 
intervertebral  cartilages,  but  the  actual  in  the  anterior  and 
posterior  diameters  are  given  differently  by  different  authors. 
The  vertical  diameter  (anterior)  increases  from  the  3rd  cervical 
to  the  last  lumbar  14  m.  to  29  mm.  (Henle).^  The  posterior  vertical 
does  not  maintain  the  same  steady  increase  in  the  dorsal  and 
lumbar  regions  as  the  anterior.  In  the  lumbar  region  a 
diminution  is  observable.  Thus,  in  the  mean  of  thirty  mecusure- 
ments,  the  posterior  vertical  diameter  of  the  second  gives  27*4 
millimetres  and  22*2  in  the  5th  lumbar.  And  in  the  meaa  of 
lifty  measurements  the  sum  of  all  the  anterior  diameters  in  the 
lumbar  region  does  not  exceed  greatly  the  posterior  sum,  and 
this  although  the  anterior  diameter  of  the  5th  lumbar  exceeds 
greatly  the  posterior. 

The  antero-posterior  diameters  increase  from  the  3rd  cervical 
to  the  3rd  lumbar.  But  in  the  cervical  region  this  increase  is 
much  slower  than  in  the  dorsal  region,  whilst  in  the  lumbar 
r^on  the  antero-posterior  diameter  of  the  fifth  and  sometimes 
of  the  fourth  are  less  than  the  third.  The  means  of  two  series 
of  measurements  are  given.  In  the  first  series  the  antero- 
posterior was  taken  from  the  anterior  part  of  the  body  to  the 

*  Enockenlehre,  p.  37. 
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anterior  part  of  the  vertebral  foramen.  In  the  second  series 
the  measurement  was  made  from  the  anterior  part  of  the  body 
to  the  line  drawn  across  the  points  where  the  arch  rises  from  the 
body.  The  latter  measurements  differ  but  little  from  the  former 
in  the  cervical  and  lumbar  regions  but  much  in  the  dorsal 

The  maximum  transverse  diameters  vary  in  position  in 
different  regions.  They  are  placed  farther  back  in  the  upper 
dorsal  r^on,  and  approach  the  middle  of  the  autero-posterior 
diameter  as  they  are  followed  upwards  or  downwards. 

The  antero-posterior  and  transverse  diameters  are  most  nearly 
equal  from  the  6th  to  the  8th  dorsal  vertebrsB ;  above  and  below 
the  antero-posterior  are  much  less. 

In  the  mean  of  the  transverse  the  5th  dorsal  has  the  smallest. 
A  gradual  increase  takes  place  from  the  2nd  cervical  to  the  2nd 
dorsal  vertebra,  then  a  diminution  to  the  6th  dorsal,  and  this 
is  succeeded  by  an  increase  which  goes  on  to  the  6th  lumbar. 

In  certain  parts  of  the  dorsal  region  in  most  of  the  vertebral 
columns  examined,  the  bodies  were  found  not  to  be  equilateral 
As  a  rule,  the  right  sides  of  the  bodies  are  greater  than  the  left, 
from  the  7th  to  the  10th  dorsal  vertebrae.  This  may  hold  for 
all  the  vertebrae  lying  between  the  3rd  and  11th.  Sometimes, 
with  a  large  right  side  from  the  7th  to  the  10th,  a  large  left 
side  is  present  in  the  upper  dorsal  region. 

This  unilateral  enlargement  is  probably  due  to  the  lateral 
curvature.  The  greater  weight  of  the  viscera  on  the  right  side 
is,  without  doubt,  an  element  in  these  cases.  In  the  former  case 
the  bodies  of  the  vertebrae  are  at  the  right  sides  less  curved, 
and  the  antero-posterior  diameter  of  the  bodies  are  placed  a 
little  to  the  right  of  the  median  Una 

The  transverse  diameters  of  the  bodies  of  the  dorsal  vertebrae 
of  most  animals  that  I  have  examined  exceed  the  antero- 
posterior.   The  exact  relations  I  hope  soon  to  publish. 

In  the  following  table  will  be  found  : — 
A  The  vertebral  column  of  an  adult  where  the  largest 
measurements  were  found. 

B.  The  vertebra]  column  of    an  adult  where    the  least 

measurements  were  found. 

C.  The  means  of  the  transverse  diameters  of  the  bodies  of 

fifty-three  vertebral  columns. 


Digitized  by 


Google 


DIAMETERS  OF  HUMAN  VERTEBRiE  IN  DIFFERENT  REGIONS.   343 

D.  The  means  of  the  antero-posterior  diameter  of  the  bodies 

of  twenty-eight  vertebral  columns. 
K  The  mean  of  antero-posterior  diameters  of  twenty-five 

vertebral  columns. 
F.  Anterior,  and 
6.  Posterior  vertical  diameters  in  different  regions. 

A  table  is  added  with  the  mean  of  collective  heights. 
The  measurements  given  above  point  to  the  following  con- 
clusions : — 

(1.)  The  anterior  vertical  diameters  of  the  vertebrae,  from  the 
Ist  dorsal  to  the  3rd  lumbar  inclusive,  are  less  thau 
the  posterior. 

(2.)  The  anterior  vertical  diameter  of  the  4th  lumbar  is 
equal  to  its  posterior,  and  in  the  5th  it  is  greater. 

(3.)  The  transverse  diameters  of  the  bodies  increase  from 
2nd  cervical  to  2Dd  dorsal,  then  diminish  to  5th  dor- 
sal, then  increase  to  last  lumbar. 

(4)  The  antero-posterior  diameters  increase  gradually  from 
3rd  cervical  to  3rd  lumbar,  and  then  diminish 

(5.)  The  non-equivalence  of  the  lateral  parts  of  the  bodies  is 
generally  observable  from  the  7th  to  the  10th  dorsal, 
but  may  extend  to  the  3rd  and  11th  vertebrae. 


[Table. 
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NOTE  ON  A  SIMPLE  FORM  OF  LIPPMANNS  CAPIL- 
LARY ELECTROMETER  USEFUL  TO  PHYSIOLO- 
GISTS.1    By  Professor  John  G.  M'Kendrick,  M.D. 

The  action  of  the  substances  set  free  on  the  electrodes  in  electro- 
lytic decomposition,  and  the  energy  shown  as  motion  in  these 
circumstances,  is  strikingly  manifested  by  the  behaviour  of  a 
drop  of  mercury  in  dilute  sulphuric  acid,  when  the  positive  pole 
of  a  battery  is  put  in  connection  with  the  mercury,  and  the 
negative  pole  dips  into  the  acid.  The  mercury  extends  towards 
the  negative  electrode  during  the  passage  of  the  current,  becom- 
ing covered  with  a  film  of  sub-oxide,  which  dissolves  in  the 
acid,  leaving  a  bright  surface.  By  making  and  breaking  the 
current  a  series  of  oscillations  is  set  up.  Movements  in  the 
mercurial  electrode  and  adjacent  acid  have  been  observed  by 
Henry,  Gerboin,  Erman,  J.  F.  W.  Herschel,  Draper,  Paalzow, 
Faraday,  and  Quincke,*  and  they  received  various  explanations. 
Erman,*  in  1809,  was  the  first  to  observe  that  when  a  drop  of 
mercury  was  placed  on  a  grooved  surface  between  the  electrodes 
it  moved  towards  the  n^ative  pole ;  and  he  also  observed  that 
"  a  drop  of  mercury  in  a  horizontal  tube,  with  dilute  acid  on  both 
sides,  moved  at  the  passage  of  the  electric  current  through  the 
tube  towards  the  negative  electrode."  * 

This  latter  phenomenon  was  fully  investigated  by  Lippmann,* 
and  led,  along  with  researches  by  Quincke,  not  only  to  a  theoretical 
explanation  of  electro-capillary  action,  but  also  to  the  construc- 
tion of  the  capillary  electrometer.  It  is  now  known  that  these 
phenomena,  both  as  seen  in  the  experiment  with  the  globule  of 

1  Bead  before  the  Philosophical  Society  of  Glasgow,  January  17,  1883. 

'  For  an  historical  account  of  this  subject  see  Lippmann,  Annates  de  Chimie  et 
de  Fh/iftique,  1875,  p.  540.  Also  references  in  arts.  *' Capillary  Action,  by 
Professor  Clerk  Maxwell,  Encydop,  Britann,^  yol.  v.  p.  65 ;  and  ''Electrolysis/* 
by  Mr.  W.  N.  Shaw,  voL  viii  p.  108.  See  also  art.  "Electricity,"  Watt's 
Did.  cf  Chem,,  third  suppL,  vol.  viii.  part  i.  p.  714. 

»  Gilbert's  Awndfen,  t  xxxiL  p.  261,  1809. 

*  Art  **  Electrolysis,"  op.  ciL 

*  Lippmann,  OampUs  Rendus,  1878,  p.  1407 ;  Annaleade  Chimie  et  de  Physique, 
1875,  p.  494 ;  Poggendorff*s  AnncUen,  cxlix.  p.  547 ;  also  translated  in  Phil.  Mag. 
[41  xlviL  p.  281. 
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mercury  and  in  the  capillary  tube,  are  due  to  a  change  in  the 
surface  tension  produced  by  the  electrical  polarisation  of  the 
surface  of  the  mercury. 

lippmann's  form  of  the  electrometer  consists  of  a  tube  of  ordi- 
nary glass,  1  metre  long  aud  7  millimetres  in  diameter,  open  at 
both  ends,  and  kept  in  the  vertical  position  by  a  stout  support 
The  lower  end  is  drawn  into  a  capillary  point,  until  the  diameter 
of  the  capillary  is  '005  of  a  millimetre.  The  tube  is  filled  with 
mercury,  and  the  capillary  point  is  immersed  in  dilute  sulphuric 
acid  (1  to  6  of  water  in  volume),  and  in  the  bottom  of  the  vessel 
containing  the  add  there  is  a  little  more  mercury.  A  platinum 
wire  is  put  into  connection  with  the  mercury  in  each  tube,  and, 
finally,  arrangements  are  made  by  which  the  capillary  point  can 
be  seen  with  a  microscope  magnifying  250  diameters.  Such  an 
instrument  is  very  sensitive;  and  Lippmann  states  that  it  is 
possible  to  determine  a  difierence  of  potential  so  small  as  that  of 
the  x0^(T  ^^  ^  Daniell.  It  is  thus  a  very  delicate  means  of 
observing  and  (as  it  can  be  graduated  by  a  compensation-method) 
of  measuring  minute  electro-motive  forces. 

As  the  sensitiveness  of  the  instrument  depends  essentially  on 
the  smallness  of  the  bore  of  the  capillary,  and  on  the  constant 
electro-motive  force  between  the  mercury  and  the  sulphuric  acid 
(termed  by  Lippmann  the  difference  Slectriqvs),  it  is  important  to 
have  the  tube  as  fine  as  possible,  and  also  to  prevent  variations  in 
the  strength  of  the  sulphuric  acid  by  evaporation.  These  con- 
siderations led  to  improvements  in  the  construction  of  the  instru- 
ment, thus  described  by  Burdon  Sanderson :  ^ — "  Two  important 
improvements  have  been  recently  made  in  the  construction  of  this 
instrument  by  Professor  Lov^n,^  of  Stockholm.  The  first  of  these 
consists  in  constructing  the  tube  which  contains  the  dilute  sul- 
phuric acid  of  extremely  thin  glass,  so  that  the  capillary  tube 
which  is  in  contact  with  its  intornal  surface  can  be  observed  with 

^  Burdon  Sanderson  "  On  the  Electro-motire  Properties  of  the  Leal  of  Dion»% 
in  the  Excited  and  Unezdted  States,"  Phil.  Trana,,  part  L,  1882.  See  also  his 
lecture  *<  On  the  Excitability  of  Plants,"  at  the  Royal  Institution  of  Oreat  Britain, 
9th  June  1882.  In  stating  his  opinion  that  "  it  is  much  better  to  measure  the 
electro-motiye  value  of  each  excursion  with  the  aid  of  the  compensator,  than  to 
deduce  it,  as  has  been  done  by  Fleischl,  from  the  '  compensation  pressure,' " 
Dr.  Burdon  Sanderson  refers  to  Fleiachl's  paper,  Arckiv /.  AnaL  v,  PhysioL, 
1879,  p.  269. 

*  LoY^,  Nordiakt  Medic^  Arkiv.,  vol.  xL  No.  14. 
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a  magnifying  power  of  at  least  300  to  400  diameters  (No.  10 
Hartnack).  The  other  consists  in  cementing  the  sulphuric  acid 
tube  to  the  mercury  tube,  so  that  no  evaporation  takes  place. 
By  the  first  the  instrument  is  rendered  much  more  sensitive ;  by 
the  second,  variations  in  the  strength  of  the  sulphuric  acid  which 
arise  from  evaparation  are  avoided." 

The  instrument  thus  described  is  difficult  to  make,  and  requires 
delicate  handling.  Whilst  studying  the  subject,  and  endeavour- 
ing to  see  the  phenomena  for  myself,  I  resorted  to  the  simple 
expedient  of  taking  a  bit  of  glass  tubing,  60  millimetres  in  length, 
and  2*5  millimetres  in  internal  diameter,  bending  one  end  at  a 
right  angle,  20  millimetres  from  the  end,  and  the  other  end  at  a 
right  angle,  6  millimetres  from  the  end,  and  then  drawing  out 
the  tube  to  a  capillary  in  the  blow-pipe  flame.  The  diameter  of 
the  capillary  tube  varies  from  '02  mm.  to  -001  mm  I  then  slip 
a  bit  of  thick-walled  india-rubber  tube  on  one  end  of  the  glass 
tube,  and  exhaust  the  other  end  of  the  india-rubber  tube  with  a 
powerful  syringe.  Having  some  clean  mercury  in  a  beaker 
covered  with  a  deep  layer  of  dilute  sulphuric  acid  (1  to  20  of 
water  by  volume),  I  first  immerse  the  end  of  the  glass  tube  into 
the  mercury,  and  then  exhaust  by  the  syringe.  When  mercury 
appears  in  the  upper  portion  of  the  tube,  I  raise  it  a  little  so  as 
to  cause  it  to  dip  for  an  instant  into  the  dilute  acid,  and  then  I 
dip  into  the  mercury  a  second  time  and  draw  a  little  more  of  it 
into  the  tube.  Thus,  with  a  little  practice,  I  succeeded  in  filling 
tubes,  so  that  there  is  a  reservoir  of  mercury  at  each  end,  with  a 
little  sulphuric  acid  in  the  centre  of  the  capillary.  This  is 
placed  on  a  suitable  platform  on  the  stage  of  the  microscope, 
and  a  thin  platinum  wire  is  dipped  into  the  mercury  at  each 
end. 

Such  an  instrument  is  very  sensitive,  showing  the  muscle- 
current,  the  negative  variation,  and  the  changes  in  potential  in 
the  injured  heart  of  the  frog  whilst  beating.  As  observed  by 
Burden  Sanderson,  it  is  striking  to  notice  ''  that  the  movements 
of  the  mercurial  column  not  only  correspond  closely  in  time  to 
the  actual  changes  which  they  represent,  but  express  with  very 
great  accuracy  the  differences  of  a  potential  which  actually  exist 
in  each  successive  phase  of  a  variation." 

It  will  be  found  that,  in  the  instrument  I  have  described,  the 
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column  of  mercury  will  not  always  return  to  zero  when  the 
electro-motive  force  pushing  it  in  one  direction  has  ceased  to  act 
When  it  does  return,  the  return  is  due  to  the  pressure  of  the 
column  of  mercury  against  which  the  force  acted.  As  a  matter 
of  fact,  the  most  sensitive  instruments  are  those  which  do  not 
return  to  zero,  but  in  which  the  movement  of  the  mercurial 
column  corresponds  to  each  change  in  the  direction  of  the  electro- 
motive force,  or  to  any  increase  or  diminution  of  the  electro- 
motive force  even  in  one  direction.  Thus,  if  there  be  a  negative 
oscillation,  it  will  be  at  once  seen,  although  it  last  for  a  fraction 
of  a  second.  Sometimes  the  instrument  is  "sluggish"  in  its 
movements.  This  is  caused  by  the  mercury,  or  the  acid,  or  the 
tube  not  being  perfectly  clean. 

.  An  electrometer  such  as  this  can  have  its  deflections  photo- 
graphed^ or  exhibited  on  a  screen,  whilst  its  simplicity  and 
cheapness  makes  it  possible  to  place  a  sensitive  instrument  in 
the  hands  of  every  student^r,  better  still,  a  student  may  make 
it  for  himself.^  For  convenience  in  working,  when  it  may  be 
necessary  to  make  observations  with  a  galvanometer  at  the  same 
time,  the  image  of  the  capillary  may  be  thrown  on  the  plate  of 
a  camera,  adjusted  to  a  microscope,  and  thus  the  trouble  of 
looking  through  the  latter  is  got  rid  of. 

1  Marey  obtained  snch  a  photograph  in  his  research  on  the  Electrical  Discharge 
of  the  Torpedo  {Physiologie  ExperimenUUe^  1877,  p.  88,  fig.  19),  and  Bnrdon 
Sanderson  has  photographed  the  oscillations  caused  by  the  changes  of  potential 
in  Dionsea,  and  in  the  frog's  heart. — Royal  Institution  Lecture,  fig.  10. 

'  Various  forms  of  the  instrument  were  shown,  and  the  oscillations  of  the 
mercury  were  projected  on  a  screen,  the  oscillations  being  magnified  800  diameters. 
There  is  nothing  novel  either  in  the  theory  or  in  the  mechanism  of  this  instru- 
ment-, as  it  in  no  way  differs  in  principle  from  one  shown  at  the  meeting  of  the 
British  Association  in  Glasgow  in  1876,  by  Professor  Dewar  of  Cambridge,  but 
I  have  shown  an  easy  and  convenient  mode  of  making  such  an  instrument  of 
exquisite  delicacy  for  physiological  purposes.  A  figure  of  Professor  Dewar's 
instrument  is  shown  in  Dr.  S.  P.  Thompson's  recent  Manual  on  Electricity. 
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ON  SO-CALLED  SPONGE-GRAFTING.  By  Kbndal  Franks, 
M.D.,  F.E.C.S.I.,  Surgeon  to  the  Adelaide  Hospital,  Dvilin, 
Jke.,  and  P.  S.  Abraham,  M.A.,  B.Sc,  F.R.C.S.L,  Curator  to 
the  Museum,  and  Member  of  the  Court  of  Examiners,  JRoyal 
College  of  Surgeons  in  Ireland.^    (Plate  XVI.) 

The  idea  of  treating  certain  kinds  of  wounds  accompanied  by 
lo6S  of  substance,  as  well  as  ulcers,  by  means  of  a  method  called 
sponge-grafting,  was  first  brought  before  the  profession  by  Pro- 
fessor D.  J.  Hamilton.  In  an  interesting  and  valuable  paper, 
published  in  the  Ediriburgh  Medical  Jov/mal,  November  1881, 
he  gives  an  account  of  his  method  of  proceeding,  and  details  the 
results  he  obtained  in  five  cases  in  which  he  applied  it  to  the 
human  subject,  as  well  as  in  certain  cases  in  which  he  observed 
the  effects  of  inserting  pieces  of  sponge  into  the  living  tissues  of 
rabbits. 

The  able  manner  in  which  Dr.  Hamilton  has  introduced  this 
subject,  and  the  clinical  success  which  has  followed  his  method, 
solicit  a  further  trial  at  the  hands  of  surgeons,  the  more  so  that 
this  method  opens  up  new  fields  of  investigation  in  the  domains 
of  surgery  as  well  as  in  those  of  pathology  and  histology.  It  is 
not  suggested  as  a  new-fangled  and  empirical  method  of  treat- 
ment to  oust  all  former  therapeutic  means ;  it  is  the  result  of 
careful  thought,  and  it  fulfils  an  object  which  certain  conditions 
require.  When  a  wound  is  made  in  any  part  of  the  body,  if 
unaccompanied  by  loss  of  substance,  our  object  is  generally  to 
procure  a  healing  of  the  wound  as  rapidly  as  possible.  But  if 
we  find  at  the  same  time  that  a  loss  of  substance  exists,  cica- 
trisation is  not  enough ;  it  would  in  general  be  far  better  if  we 
could  ensure  the  restoration  of  the  part  which  has  been  de- 
stroyed, a  reformation  of  the  tissue  which  has  been  lost  Some- 
times, no  doubt,  an  ulcer  may  heal  level  with  the  skin,  but 
oftener  it  cicatrises,  leaving  a  distinct  and  unsightly  depression. 
What  this  new  method  proposes  to  do,  in  cases  where  there 

'  Most  of  this  paper  has  been  In  MS.  since  July  1882.  Dr.  Franks  is  mainly 
rMp<»isible  for  the  clinical  part,  and  Mr.  Abraham  for  the  histological  details. 
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exists  a  loss  of  substance,  is  to  atford  a  scaffolding  in  which  the 
new  tissue  can  be  built  up,  and  this  scaffolding  is  supplied 
by  a  fine  porous  substance  like  sponge.  There  are  no  special 
inherent  properties  in  the  sponge  itself  which  render  it  essential 
to  the  process ;  it  takes  no  active  part  in  the  growth  of  tissue ; 
its  r61e  is  purely  a  passive  one.  Dr.  Hamilton  proposes  it  as 
the  material  which  hitherto  proves  itself  the  most  suitable  for 
the  purpose,  and  up  to  the  present  we  have  no  better  substitute 
to  offer. 

When  a  sponge  is  placed  on  a  granulating  surface,  it  soon  be- 
comes fixed  there,  and  it  is  now  beyond  doubt  that  new  tissue 
forms  in  the  interstices  of  the  sponge.  The  manner  in  which 
this  new  tissue  forms  has  been  studied  by  Professor  Hamilton, 
and  the  startling  histological  conclusions  at  which  he  has  arrived 
by  microscopical  examination  of  the  pieces  of  the  excised  grafts, 
seem  to  court  further  investigation. 

It  should  here  be  stated  that  it  has  not  yet  been  demonstrated 
whether  different  kinds  of  tissue  can  be  reproduced  in  this  way. 
Up  to  the  present  the  cases  in  which  it  has  been  tried  liave 
shown  the  formation  of  granulation  tissue,  but  whether  under 
certain  conditions  this  granulation  tissue  may  not  subsequently 
be  transformed  into  the  same  material  as  that  which  surrounds 
the  sponge,  is  a  question  which  demands  further  inquiry.  We 
have  had  a  case  under  observation  of  necrosis  of  the  femur, 
where,  as  soon  as  the  sequestrum  was  removed,  a  piece  of  sponge, 
properly  prepared  and  rendered  aseptic,  was  placed  into  the 
space  left  by  the  sequestrum.  We  have  also  had  a  case  where 
a  sponge  had  been  for  some  weeks  imbedded  in  the  muscles  of 
the  thigh,  and  which  to  all  appearance  became  incorporated. 
It  will  be  interesting  to  observe  whether  in  such  cases  the 
material  which  has  formed  in  the  sponge  meshes  will  eventually 
develop  into  bone  and  muscle  respectively. 

Since  the  appearance  of  Dr.  Hamilton's  paper  very  little  has 
been  published  on  this  subject 

In  the  British  Medical  Journal  for  May  13th  last,  Dr. 
M*Ewen  is  reported  to  have  shown  some  microscopical  speci- 
mens to  illustrate  the  process  of  "sponge-grafting"  before  the 
Glasgow  Pathological  and  Clinical  Society.  He  had  grafted 
one-half  of  an  ulcer  on  the  outer  side  of  the  leg,  but  the  result 
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did  not  come  up  to  his  expectations,  and  he  did  not  thei*efore 
"  find  the  process  of  any  value."  "  The  sections  shown  demon- 
strated the  fact,"  says  the  report,  "  that  absolutely  no  change 
had  taken  place  in  the  sponge,  and  Dr.  M'Ewen  therefore  ob- 
jected to  the  term  *  sponge  grafting,'  because  the  sponge  tissue 
never  became  alive." 

We  hope  to  show  presently  that  very  important  changes  do 
occor  in  the  sponge,  and  that  as  our  own  cases,  as  well  as  several 
others,  prove,  it  is  ultimately  completely  absorbed  Dr.  Hamil- 
ton, moreover,  never  claimed  that  the  sponge  became  alive,  or 
that  it  acted  otherwise  in  the  body  than  would  any  other  dead 
animal  tissue.  There  is  indeed  no  growth  of  the  sponge  itself, 
and  on  this  account  the  term  '*  sponge-crafting  "  is  no  doubt 
defective. 

Ccue  L — ^The  first  case  in  which  we  tried  the  process  was  in  that  of 
an  old  woman,  aged  70,  who  was  admitted  to  the  Adelaide  Hospital, 
and  came  under  surgical  treatment  on  the  10th  February  1882,  for  a 
large  ulcer  occupying  the  lower  middle  fourth  of  the  right  leg.  The 
ulcer  had  inflamed  elevated  edges.  The  surface  of  the  ulcer  was 
occupied  by  a  large  slough  which,  when  it  separated  on  the  27th  of 
the  same  month,  exposed  the  muscles  of  the  calf.  The  leg  all  round 
the  ulcer  had  an  inflamed  erysipelatous-looking  blush.  Ordinary 
methods  of  treatment  were  employed  until  the  17th  of  March,  when 
the  first  piece  of  sponge  was  grafted  It  was  not  cut  so  as  to  cover 
the  whole  ulcer,  but  a  circular  piece,  one  inch  in  diameter  and  about 
half  an  inch  in  thickness,  was  used  On  the  third  day  it  felt  firmly 
adherent.  A  few  days  later  five  smaller  pieces  were  grafted  in 
different  parts  of  the  ulcer.  They  all  became  firmly  adherent  in  a 
few  day& 

These  sponges  were  all  removed  at  difierent  periods ;  one  on  the 
eighth  day,  one  on  the  fourteenth,  one  on  the  thirtieth,  and  the 
remainder  on  the  forty-eighth  day.  Sections  of  these  sponge-grafts, 
some  of  which  have  been  photographed  by  the  kind  assistance  of  Dr. 
R.  Hayes,  will  be  referred  to  presently. 

These  experiments  have  served  to  supply  us  with  material  for  his- 
tological and  pathological  study ;  we  shall  presently  see  that  the 
results  observed  during  the  period  the  sponges  were  allowed  to  remain 
in  the  tissues  are  of  much  surgical  importance. 

Ccue  IL — The  next  case  in  which  this  method  of  treatment  was 
adopted  was  in  a  boy  aged  9,  who  suffered  from  necrosis  of  the 
lower  portion  of  the  right  femur.  As  part  of  the  sequestrum  had 
separated,  an  incision  was  made  about  five  inches  long  on  the  outside 
of  the  thigh  in  its  lower  half,  and  parallel  to  the  femur.  This  incision, 
of  course,  reached  down  to  the  bone  in  the  greater  part  of  its  extent 
The  sequestrum  was  removed     Into  the  lower  angle  of  the  wound  a 


Digitized  by 


Google 


352     DR.  KENDAL  FRANKS  AND  MR.  P.  S.  ABRAHAM 

sponge  was  placed  on  June  15,  1882 ;  it  was  made  wedge-shape,  so 
as  to  reach  down  from  the  surface  of  the  skin  into  the  cavity  in  the 
hone.  It  measured  one  inch  and  a  half  in  length,  three-quarters  of 
an  inch  in  depth,  and  three-eighths  of  an  inch  in  width.  The  next 
day  it  was  adherent,  and  granulations  could  he  seen  making  their  way 
into  it  from  each  side.  It  rapidly  filled  with  new  tissue,  and  only  a 
small  central  oval  piece  on  the  surface  could  he  recognised  after  a 
montL  The  margins  had  hecome  covered  with  new  skin.  Later  on 
it  completely  disappeared.  A  piece  of  sponge  placed  in  the  upper 
angle  of  the  wound  on  June  24th  was  considerahly  larger,  and 
measured  two  and  a  half  inches  in  length,  one  inch  in  depth,  and  half 
an  inch  in  widtL  It  was  also  made  wedge-shaped,  and  reached  from 
the  hone  to  the  level  of  the  skin.  It  hecame  adherent  the  next  day, 
and  seemed  to  fill  rapidly  with  granulationa  In  a  short  time,  how- 
ever, it  hegan  to  rise  ahove  the  skm  level,  and  in  consequence  it  was 
trimmed  down.  In  another  week  it  had  again  transgressed  the  sur- 
face, and  the  trinmiing  process  was  repeated,  the  operation  heing 
accompanied  by  bleeding.  On  July  the  18th  the  piece  seemed  much 
loosened  in  the  wound,  and  long  bridges  of  granulations  could  be 
seen  running  from  the  sides  into  the  sponge.  It  was  then  removed, 
the  boy  being  placed  under  the  influence  of  chloroform  for  a  few 
minutes,  whilst  a  sharp  pair  of  scissors  divided  the  granulations  at 
their. base.  This  was  done,  (1)  because  the  graft  did  not  promise  to 
be  clinically  successful,  and  (2),  because  it  promised  to  afford  a 
good  opportunity  of  investigating  the  process  taking  place  on  both 
sides  of  the  sponge  simultaneously.  This  excised  piece  of  sponge  was 
prepared  for  microscopical  examination  in  the  same  way  as  the  former 
ones. 

Case  IIL — ^A  cook,  aged  22,  was  admitted  to  the  Adelaide  Hos- 
pital on  December  28,  1882,  suffering  from  an  ulcer  about  the  size  of  a 
halfpenny  on  the  inner  side  of  the  left  leg,  and  a  smaller  one  higher 
up  on  the  calf  about  the  size  of  a  threepenny  bit.  Both  were  circular 
and  punched  out,  with  imhealthy  sloughy  bases.  She  attributed 
them  to  constant  standing  in  the  kitchen,  and  had  suffered  from  them 
for  over  three  months.  Astringent  lotions  had  been  tried,  and  con- 
stant bandaging,  but  without  effect  The  discharge  was  scanty  and 
of  a  reddish-brown  colour.  There  was  no  history  or  evidence  of 
syphilis.  The  larger  ulcer  was  grafted  on  January  3rd  last  The  sponge, 
which  was  prepared  in  the  usual  manner,  was  an  inch  in  diameter, 
and  about  one-eighth  of  an  inch  in  thicknes&  In  two  days  it  was 
firmly  adherent,  and  in  a  few  days  bled  when  pricked.  On  the  ninth 
day  the  ulcer  had  contracted  to  the  size  of  the  sponge.  On  the  twenty- 
fourth  day  the  centre  of  the  sponge  was  invisible,  being  hidden  by  the 
granulations  which  had  made  their  way  through  the  sponge  and 
appeared  on  the  surface.  Four  days  later  this  island  of  granulations 
was  the  size  of  a  fourpenny  piece,  and  was  surrounded  by  a  circle  of 
sponge.  Eight  days  later,  only  a  small  ring  of  sponge  remained ; 
three  skin-grafts  were  then  placed  on  the  surface,  within  the  ring,  and 
when  examined  three  days  afterwards,  one  was  found  to  have  acted  in 
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a  manner  similar  to  that  observed  in  ordinary  cases  of  ulcers  when 
skin-grafts  are  applied.  A  few  days  later  the  graft  measured  two 
lines  in  diameter. 

Case  IV, — ^A  woman,  aged  60,  was  admitted  to  the  Adelaide 
Hospital  on  January  12,  1883,  suffering  from  an  irregular-shaped  ulcer 
on  the  inside  of  the  right  leg,  measuring  upwards  of  three  inches  in 
diameter.  The  edges  were  elevated  and  indurated.  The  base  of  the 
ulcer  was  very  imhealthy  and  calloua  The  skin  all  round  the  ulcer 
was  brawny  and  livid.  She  had  suffered  on  and  oflf  for  nearly  thirty 
years  £rom  this  condition.  The  exciting  cause  was  evident,  as  she 
had  several  large  varicose  veins,  tortuous  and  prominent,  a  little 
below  the  knee.  The  day  after  admission  three  pieces  of  sponge  were 
placed  on  the  surface  of  the  ulcer.  The  largest  piece,  circular,  about 
one  inch  in  diameter  and  a  quarter  of  an  inch  thick,  was  placed  near 
the  centre.  Two  smaller  pieces,  about  three  quarters  of  an  inch  long, 
a  quarter  of  an  inch  wide,  and  one-eighth  of  an  inch  thick,  were  placed, 
one  above  and  one  below  the  central  piece.  They  were  all  adherent 
the  next  day.  The  immediate  effect  on  the  ulcer  was  very  remark- 
abl&  It  assumed  in  a  few  days  a  much  healthier  appearance.  The 
edges  gradually  lost  their  hard  elevated  character,  and  cicatrisation 
proceeded  rapidly  round  the  circumference.  On  the  25th  the  ulcer 
was  not  more  than  half  its  original  size,  and  the  smaller  sponges  were 
becoming  rapidly  incorporated.  One  of  them  became  detached  to  a 
very  slight  extent,  being  partially  undermined  by  the  new  epidermis 
encroaching  upon  it  from  the  mai*gin  of  the  ulcer,  but  the  rest  of  this 
piece  became  almost  unrecognisable  from  the  surrounding  granulations. 
The  larger  piece  of  sponge  required  to  be  cleaned  every  day,  as  pus 
collected  in  its  upper  portion.  It  has  not  yet  revealed  granulations 
on  its  surface.  The  veins  were  now  treated  radically,  by  passing 
acupressure  needles  beneath  them,  and  dividing  the  veins  between  two 
of  these.  This  has  so  far  not  materially  affected  the  process  going  on 
in  the  ulcer  or  sponges. 

We  have  employed  ''  sponge-grafting  "  in  several  other  cases  besides 
those  detailed,  but  as  they  revealed  no  points  of  especial  interest  which 
have  not  been  illustrated  by  the  cases  recorded,  we  have  not  repro- 
duced them  here. 

A  patient  of  Dr.  Kelly,  of  Jervis  Street  Hospital,  Dublin,  had 
been  operated  upon  for  hare-lip.  All  the  tissues  included  between 
three  needles  and  the  '^  figure  of  eight "  sutures  had  sloughed,  leaving 
a  most  formidable  chasm  in  the  lip.  A  piece  of  sponge  was  fitted 
into  the  cavity  and  maintained  in  position  by  flexible  collodion.  Dr. 
Kelly  thus  writes,  under  date  August  10: — *'My  sponge  only 
declared  off  yesterday,  and  I  write  to  tell  you  the  result  As  you  are 
aware,  cicatrisation  extended  under  it  rapidly,  but  did  not  displace 
the  graft  completely  until  a  very  remarkable  result  was  produced. 
When  the  sponge  finally  separated  I  could  perceive  hardly  a  trace  of 
a  depression,  and  better  still,  the  patient  and  her  friends  are  charmed 
by  a  result  which  I  awaited  in  fear  and  trembling." 

VOL.  xvn.  z 
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Dr.  Kelly  informs  ns  that  he  has  since  employed  the  method  in  two 
cases  of  loss  of  tissue  of  the  fingers,  with  eminently  satisfactory 
results. 

Dr.  Eobert  McDonnell  has  kindly  given  us  the  particulars  of  a  case 
wWch  occurred  many  years  ago  in  Steevens'  Hospital  in  Dublin  under 
the  care  of  the  late  Dr.  Hutton,  and  which  is  of  great  interest  in 
its  bearing  upon  the  subject  under  discussion.  Dr.  Hutton  had 
excised  a  large  hydrocele  of  the  neck.  Shortly  afterwards  a  sudden 
and  profuse,  probably  venous,  hemorrhage  occurred.  In  the  absence 
of  Dr.  Hutton  the  surgical  resident  plugged  the  wound  with  a  sponge 
and  thus  controlled  the  bleeding. 

The  sponge  was  not  removed  owing  to  a  fear  of  the  hemorrhage 
recurring.  Gradually  the  wound  closed  up  over  the  sponge,  and 
completely  healed.  The  sponge  was  never  seen  again.  There  can  be 
scarcely  any  doubt  now,  in  the  li^it  of  recent  observations,  that  the 
sponge  was  absorbed. 

It  was  formerly  a  not  uncommon  practice  in  the  treatment  of 
epistaxis  to  plug  the  nares  with  pieces  of  sponge.  Experience  then 
proved  the  importance  of  not  allowing  the  sponge  to  remain  too  long 
in  its  new  position  without  changing  it.  If  permitted  to  remain  in 
8itu  longer  than  three  days,  great  difficulty  was  often  experienced  in 
removing  it,  and  even  before  this  period  its  withdrawal  was  nearly 
always  accompanied  by  fresh  bleeding.  The  same  observations  apply 
to  the  Qse  of  uterine  sponge  tenta 

In  all  these  cases  the  same  results  ensue  as  we  observe  when 
pieces  of  sponge  are  applied  to  a  raw  or  granulating  surface. 
When  applied  for  a  short  time,  forcible  evulsion  will  tear  the 
tissue  which  has  permeated  the  meshes  of  the  sponges  ;  and  if  a 
longer  period  have  elapsed  considerable  force  may  have  to  be 
used  before  the  adhesions  are  torn  through. 

In  preparing  the  sponges  for  the  so-called ''  grafting/'  we  have 
uniformly  followed  the  method  recommended  by  Dr.  Hamilton. 
The  sponge  is  first  allowed  to  lie  in  dilute  nitro-muriatic  acid ; 
we  have  generally  allowed  forty-eight  hours  for  this  stage. 
Then  the  sponge  is  washed,  first  in  water,  afterwards  in  liquor 
potassse,  and  finally  placed  in  a  solution  of  carbolic  acid  (1  in 
20),  till  required  for  use.  Thus  all  silicious  and  cretaceous 
materials  are  dissolved  out,  and  nothing  remains  but  the  homy 
framework  of  the  sponge,  which,  being  an  animal  tissue,  does  not 
act  as  a  foreign  body,  but  is  absorbed  after  a  longer  or  shorter 
interval,  as  our  experience  proves. 

The  process  by  which  this  absorption  takes  place,  is  shown  in 
the  microscopical  preparations  which  we  have  been  able  to  make 
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of  the  sponges  excised  at  varying  periods  of  the  growth  of 
tissue  within  them. 

When  a  sponge  so  prepared  is  placed  on  an  ulcerated  surface, 
or  into  deeper  tissues  where  a  loss  of  substance  has  taken  place, 
it  probably  first  gets  filled  with  lymph.  The  lymph  then 
undergoes  organisation,  and  according  to  Dr.  Hamilton,  in  a 
manner  similar  to  that  which  obtains  in  blood-clot. 

When  the  granulations  approach  the  surface  in  the  case  of  an 
ulcer,  skin  begins  to  form,  generally  growing  from  the  margins 
of  the  ulcer  over  the  tissue  in  the  interstices  of  the  sponge. 

One  of  our  sections  shows  that  the  formation  of  epidermis 
may  take  place  within  the  sponge  itself  over  the  new  tissue 
which  has  formed  within  its  interstices,  and  before  the  upper 
stratum  of  the  sponge  has  become  filled  with  granulation  tissue. 
In  case  III.,  one  of  the  three  skin-grafts  placed  over  the 
uew  tissue  which  had  formed  in  the  sponge  became  adherent, 
and  materially  assisted  in  the  process  of  cicatrisation.  The 
formation  of  skin,  however,  seems  to  take  place  more  slowly 
over  the  new  tissue  so  formed  than  over  an  ordinary  healthy  ulcer. 

We  have  observed  one  eflfect  which  a  sponge  has  when  it 
becomes  fixed  on  the  surface  of  an  ulcer,  and  which  is  suffi- 
ciently characteristic  to  call  for  some  comment,  namely,  the 
general  stimulating  effect  it  produces  on  the  process  of  repair. 
We  have  observed  this  in  cases  of  unhealthy  ulceration,  where 
ordinary  stimulating  applications  seemed  to  have  very  little,  if 
any,  effect,  and  where  the  whole  character  of  the  ulceration 
was  indolent.  As  a  general  rule,  within  a  few  days  after  the 
application  of  the  sponge  the  whole  type  of  the  ulcerative  pro- 
cess seemed  to  change,  the  ec^es  began  to  assume  a  healthy 
appearance,  and  the  ulcer  b^an  to  cicatrise.  We  are  all 
familiar  with  the  appearances  which  follow  on  skin-grafting; 
the  delicate  promontories  of  new  cuticle  which  are  thrown  out 
from  the  sound  skin  towards  the  skin-graft.  The  same  appear- 
ances are  nearly  always  seen  to  take  place  in  the  region  of 
the  sponge  which  has  been  applied  to  an  ulcer.  This  stimu- 
lating effect  is  so  remarkable  that  we  would  recommend  this 
process  to  be  adopted  in  those  cases  of  indolent  ulceration 
which  so  often  try  the  ingenuity  and  patience  of  the  surgeon, 
even  though  the  actual  loss  of  substance  be  of  the  smallest 
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The  applicaticm  of  sponge  to  an  nicer  sometimes  fails,  by 
reason  of  a  sort  of  spontaneous  amputation  of  the  piece  taking 
place.  This  we  have  not  observed  in  the  case  of  ulcers  with 
undermined  edges,  when  the  sponge  is  cut  level  with  the  skin, 
and  the  edge  of  the  sponge  is  slipped  beneath  the  undermined 
edges  of  the  ulcer.  In  these  cases  the  skinning  process  seems 
to  spread  rapidly  inwards  from  the  edges  over  the  sponge. 
But  when  the  edges  of  the  ulcer  are  not  undermined,  and 
the  sponge  stands  up  above  the  surrounding  level,  as  cica- 
trisation is  greatly  stimulated  by  the  sponge,  there  is  a  danger 
that  this  process,  gradually  growing  inwards  from  the  healthy  skin 
towards  the  sponge,  may  spread  beneath  the  sponge  instead  of  over 
it,  and  by  its  constricting  power  may  gradually  strangulate  the 
young  tissue  forming  in  the  sponge,  and  cause  finally  the  whole 
piece  to  slough  ofiP.  This  we  have  several  times  observed  to  take 
place,  and  this  we  believe  to  be  the  explanation  why  sometimes, 
in  the  practice  of  others,  "  sponge-grafting  "  has  failed. 

Dr.  D.  J.  Hamilton  has  recently  i  advised  the  surgeon  to  apply 
successive  thin  layers  of  sponge  over  a  wound,  instead  of  the 
thick  slices  which  he  had  formerly  advocated.  Our  observations 
entirely  agree  with  this  change.  We  have  frequently  found  it 
necessary  to  pare  down  a  thick  piece  of  sponge,  so  as  to  leave 
nothing  but  the  thin  layer  which  has  become  infiltrated  with 
organising  tissue.  Our  object  has  been  twofold ;  first,  to  pre- 
vent the  sponge  transgressing  the  level  of  the  skin  around,  which 
it  has  a  great  tendency  to  do ;  and,  secondly,  to  remove  a  frame- 
work which  gets  filled  with  pus,  and  which  may  become  a 
fertile  soil  for  putrefactive  changes* 

We  have  never  found  in  any  of  our  cases  any  evidence  of  the 
entry  of  nerve  fibres  into  the  sponge.  Of  course  it  is  possible 
that  such  may  occur,  as  is  illustitited  in  the  case  recently  re- 
ported by  Mr.  Ferguson.^ 

The  portions  of  sponge  excised  were  in  all  cases  hardened 
for  about  a  fortnight  in  MuUer's  fluid,  and  subsequently  in 
alcohol.  The  sections  were  cut  by  means  of  Williams'  freezing 
microtome,  and  stained  with  picro-carmine  and  haematoxylin. 
It  was  found  that  the  thinnest  sections  were  difficult  to  manage, 

'  BrU.  Med,  Jour,,  Jan.  6,  1883,  p.  7. 
*  BrU,  Med.  Jour.,  Dec  16,  1882,  p.  1202. 
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portions  of  the  sponge  not  infiltrated  with  growing  tissue  being 
brittle  and  crumbling  away ;  some  of  the  slices  were  therefore 
stained,  dehydrated,  and  cleared  on  the  slide.  In  other  cases 
staining  was  effected  in  the  mass.  Most  of  the  sections  were 
mounted  in  Canada-balsam,  a  few  in  glycerine.  Those  which 
were  most  successful  were  taken  from  the  sponges  of  case  I., 
which  had  been  in  the  ulcer  for  eight,  fourteen,  and  thirty  days 
respectively.  Others  were  taken  from  the  sponge  of  case  II., 
which  was  in  the  process  of  being  pushed  out  after  lying  in 
the  wound  for  twenty-four  days.  They  all  present  certain 
characters  in  common,  the  base  of  the  new  growth  being  com- 
posed of  an  embryonic,  more  or  less  developed,  connective 
tissue,  which  in  the  deeper  parts  has  quite  replaced  the  homy 
sponge  skeleton.  Above  this  deep  part  the  new  tissue  occupies 
merely  the  interstices  of  the  sponge,  while  more  distally  still 
there  is  to  be  seen  the  unaltered  spotige  containing  only  blood, 
or  sometimes  fibrinous  deposit,  with  scattered  blood  corpuscles. 
In  the  act  of  cutting  out  the  pieces  of  sponge  for  examina- 
tion hflBmorrhage  always  took  place,  the  porous  sponge  and 
new  growth  becoming  more  or  less  filled  with  blood.  Thus  we 
may  account  for  many  of  the  apparent  extravasations  seen  in 
the  sections,  and  for  much  of  the  clot  in  the  unchanged  sponge. 
Wherever  the  tissue  has  infiltrated,  the  horny  fibres  of  the 
sponge  are  evidently  fewer  in  number,  and,  as  Dr.  Hamilton 
has  described,  the  presence  of  numerous  giant-cells  in  their 
immediate  neighbourhood  is  a  striking  feature.  Broadly  speak- 
ing, these  sections  bear  out  Dr.  Hamilton's  descriptions  in  many 
respects;  but,  as  will  soon  be  seen,  their  close  examination 
reveals  several  material  differences.  Under  a  low  power  the 
most  noticeable  elements  are  the  blood-vessels,  which  pass  up 
horn  the  base,  sometimes  with  little  sinuosity,  and  giving  off 
but  few  branches;  at  other  times  with  tortuous  course,  and 
inosculating  freely.  Their  course  is  often  at  once  indicated  by  a 
closely  surrounding  area  of  small  cells,  with  darkly  stained 
nuclei  resembling  leucocytes.  When  they  approach  the  peri- 
phery, the  branching  and  anastomosing  is  very  marked  (fig.  1), 
and  the  curves,  whenever  they  appear,  seem  to  be  as  often 
synclinal  aa  anti-clinaL  The  distal  parts  of  the  new  tissue  are 
thus  the  most  vascular;  and  considering,  moreover,  the  facts 
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that  the  branches  vary  in  diameter,  and  that  the  anastomoses 
take  place  in  the  meshes  of  a  sponge,  it  is  difficult  to  understand 
bow  they  could  have  been  pushed  up  as  loops  from  below. 
Their  formation  in  situ,  or  at  any  rate  their  growth  upwards 
and  subsequent  anastomosis,  appears  to  be  more  probable ;  and 
indeed  there  seems  to  be  abundant  evidence  of  the  new  forma- 
tion of  the  branches  at  least,  in  most  of  the  sections  examined 
(fig.  2).  In  the  older  parts  of  the  new  tissue,  the  larger  blood- 
vessels, when  cut  longitudinally  or  transversely,  are  seen  to  be 
surrounded  by  a  finely  granular,  homogeneous  area,  sometimes 
almost  hyaline,  which  passes  on  the  one  side  into  the  cells  which 
make  up  the  inner  wall  of  the  vessel ;  and  on  the  other,  into 
the  matrix,  and  into  the  cell  substance  of  the  cells  of  the  tissue 
around — forming,  in  fact,  an  adventitia.  No  such  diflferentiation 
has  taken  place  in  the  youngest  growth,  where  the  wall  appears 
to  be  formed  by  a  condensation  of  the  surrounding  cellular 
tissua  The  cells  nearest  to  the'  lumen  are  more  closely  packed, 
but  they  seem  to  pass  gradually,  and  without  much  change  of 
form  or  character,  into  the  larger  cells  of  the  neighbourhood. 
The  cross  section  of  these  capillaries  sometimes  shows  the 
lumen  to  be  more  or  less  occupied  by  a  collection  of  cells  other 
than  blood-corpuscles,  which  are  united  by  processes  to  the  cells 
of  the  capillary  wall,  and  which  show  signs  of  multiplication  and 
division  of  their  nucleL  The  smaller  of  these  cells  appear 
identical  with  colourless  blood-corpuscles,  the  larger  with  the  cells 
of  the  wall  and  of  the  surrounding  tissue.  Do  these  facts  not 
suggest  another  possible  mode  of  capillary  formation  ?  The  for- 
mation of  capillary  branches  is  frequently  to  be  observed  in  the 
younger  as  well  as  in  the  older  growths.  Sometimes  a  heaping- 
up  of  the  cells  forming  the  wall  is  seen,  from  which  the  new 
branch  is  evidently  sprouting  (fig.  2,  a) ;  or  a  line  of  cells  may 
be  seen  springing  from  the  wall  and  uniting  with  cells  of  the 
general  tissue,  or  stretching  across  to  a  neighbouring  capillary.^ 

In  the  sponges  which  had  been  but  a  comparatively  short 
time  in  the  wound,  the  deeper  portion  of  the  new  tissue  consists 
mostly  of  rounded,  cuboid,  or  irregularly-shaped  cells,  which 

*  Figures  illustratiDg  some  of  the  aboye  points  are  given  in  a  paper  '*  Notes  on 
the  Vessels  of  New  Growths,"  in  the  Transactions  of  the  Academy  of  Medicine  qf 
Ireland  for  this  year.— P.  S.  A. 
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vaiy  also  in  size  and  in  the  relative  amouDt  of  nucleus  and  cell 
substance.  The  prolongations  which  the  latter  sends  out,  and 
which  join  with  processes  from  neighbouring  cells  and  with  the 
tissue  matrix,  are  usually  less  developed  than  in  the  case  of  the 
older  growths.  Some  of  the  smaller  cells  have  a  large,  darkly- 
staining  nucleus,  and  are  hardly  distinguishable  from  ordinary 
leucocytes  or  pus-corpuscles;  others  have  the  nucleus  more 
faintly  coloured,  and  there  are  various  gradations  of  division  of 
the  nucleus.  With  high  objectives,  the  reticular  structure  of 
the  cell  substance,  and  particularly  of  the  paler  nuclei,  is  quite 
apparent  The  cells  of  the  older  tissue  also  present  innumerable 
differences  in  size,  formation,  and  structure.  The  fibrillation  of 
the  cell  substance,  and  its  passage  by  processes  into  the  substance 
of  other  cells,  and  into  the  material  between  these,  is  still  better 
seen  in  the  highly  magnified  older  parts  (fig.  3). 

At  the  distal  or  youngest  part  of  the  new  growth,  the  cells  are 
80  closely  packed,  and  their  nuclei  for  the  most  part  stained  so 
deeply,  that  there  is  generally  formed  a  more  or  less  distinct 
bordering  area,  which  looks  under  a  low  power  like  a  layer  of 
leucocytes.  There  may  be  a  few  of  the  latter  present,  but  with 
a  high  power  and  in  thin  sections  the  cells  are  seen  to  be  rapidly 
multiplying  connective  tissue  cells,  identical  with  those  above 
described. 

Even  with  an  enlargement  of  forty  diameters,  the  giant-cells 
can  be  easily  made  out.  They  often  occupy  the  angles  between 
the  branching  keratode  fibres,  wrapping  arouud  them,  or  lying 
closely  apposed  along  their  sidea  Now  and  then  they  are  to  be 
observed  capping  the  end  of  a  fibre,  and  fitting  into  irregular 
cavities,  which  the  extremity  may  show  (figs.  4  to  9).  In  one  or 
two  cases  only  could  any  indentation  be  found  on  the  side  of  the 
fibre  (fig.  5,  c).  The  thinning  and  pointing  of  the  fibres  which 
Dr.  Hamilton  mentions  is  not  as  a  rule  so  evident  in  these  sec- 
tioos  (see,  however,  fig.  8);  nor  is  there  any  special  striation 
of  the  fibre. 

That  these  giant-cells  act  as  "  spougo-clasts ''  is  probably  as 
well  supported  by  the  appearances  observed  as  in  the  case  of  the 
"  osteo-clasts  "  of  bone.  It  seems  likely,  however,  that  if  they  be 
the  active  eroders,  the  erosion  is  mainly  effected  at  the  ends  of 
the  fibres.    Occasionally  a  fibre  appears  to  be  softening  and 
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breaking  down  at  its  extremity,  but  even  then  a  giant-cell  is 
always  to  be  found  in  the  immediate  neighbourhood. 

The  giant-cells  vary  very  much  in  size  and  shape,  and  also  in 
construction.  The  largest  ones  contain  numerous  nuclei  (figs.  4 
and  5)  which  may  be  irregularly  disposed  throughout  the  mass, 
or  arranged  more  peripherally ;  while  the  smaller  sometimes  con- 
tain but  a  single  nucleus  (fig.  5,  d).  Earely  the  nuclei  are  so 
numerous  that  but  little  other  substance  is  left,  and  then  the 
giant-cell  appears  as  though  it  were  made  up  of  an  aggr^ation  of 
small  cells.  The  texture  of  the  cell  in  some  of  them  has  a  more 
granular  appearance  than  in  others>  and  it  is  generally  better 
seen  in  the  doubly-stained  preparations.  With  a  one-sixth  ob- 
jective and  No.  2  eye-piece  the  granules  are  not  usually  resolv- 
able in  a  network,  but  with  a  one^sixteenth  oil  immersion  (Leitz) 
this  structure  is  plainly  indicated.  The  nuclei  are  for  the  most 
part  oval  in  shape,  and  they  do  not  stain  deeply — thus  resem- 
bling the  larger  cells  of  the  neighbouring  tissue.  Their  size  is 
tolerably  uniform,  but  sometimes  a  few  are  seen  smaller  than  the 
rest.  The  nuclear  reticulum  is  generally  distinct,  and  occasion- 
ally there  is  evidence  of  a  karyokinesis. 

In  fig.  10  is  shown  a  cell  which  at  one  or  two  points  gives  off 
processes,  attaching  it  to  neighbouring  cells;  it  is  seemingly 
nothing  more  than  one  of  the  larger  connective  tissue  cells  which 
has  increased  in  size,  and  has  become  more  apparently  granular. 
Multiplication  of  its  nucleus  would  give  us  an  ordinary  giant- 
cell  ;  and  indeed  every  stage  is  to  be  observed  from  the  common 
connective  tissue  corpuscle,  up  to  the  largest  giant-celL  This 
fact  does  not,  however,  preclude  the  possibility  of  other  methods 
of  production  for  giant-cells.  As  mentioned  above,  the  sub- 
stance of  the  cell  sometimes  passes,  without  line  of  division,  into 
the  intercellular  matrix  of  the  connective  tissue  around ;  and  it 
is  difScult  to  resist  the  conclusion  that  a  portion  of  this  may  not 
assume  an  individuality,  and  acquire  nuclei  perhaps  by  migration 
and  subsequent  multiplication.  The  appearances,  indeed,  ob- 
served in  these  cases,  as  in  some  others,  are  not  opposed  to 
Strieker's  new  views  on  the  relation  of  ground  substance  and 
corpuscular  elements  in  tissues.^ 

The  skinning  over  of  the  sponge  has  commenced  in  the  piece 
1  ABhharst*s  Eacyd,  Surg.,  vol.  L  part  i 
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which  had  been  eight  days  planted,  and  it  has  still  further  pro- 
ceeded in  the  older  pieces, — generally  extending  along  the  top 
of  the  granulation  tissue  irrespective  of  the  sponge  fibres,  which 
become  imbedded  in  the  new  growing  skin.  The  growth  of 
epidermis  coming  in  from  the  sides  can  thus  be  well  studied  in 
these  sections.  Where  it  is  thickest,  all  the  elementary  epidermic 
layers  are  sometimes  present,  but  generally  one  or  more  are 
imperfectly  developed.  The  uppermost  stratum  of  the  youngest 
epidermis,  instead  of  consisting  of  horny  scales,  is  generally 
made  of  large  flattened  nucleated  cells,  the  deeper  ones  being 
greatly  swoUen,  vacuolated,  and  containing  nuclei  showing 
indirect  division.  Air  spaces  are  also  apparent  between  the 
cells.  Sometimes  the  large  dividing  nucleus  is  in  the  middle  of 
an  apparently  empty  space,  and  occasionally  the  new  nuclei  seem 
to  be  invested  with  cell  substance, — a  process  looking  like  an 
endogenous  formation  of  cells. '  The  smaller  scattered  cells  with 
dark  nuclei,  which  are  sometimes  seen  between  the  larger  ones, 
are  possibly  thus  formed.  It  is  by  extension  of  this  layer  that 
the  skin  appears  to  grow  into  the  sponge.  Whether  any  of  the 
branching  cells  of  the  granulation  tissue  ate  transformed  into 
these  epidermic  cells,  cannot  be  satisfactorily  made  out  in  the 
specimens — but  the  suspicion  of  such  a  possibility  has  arisen. 
As  a  rule,  however,  the  advance  of  the  epidermis  appears  to  be 
by  division  of  the  cells  of  the  layer  just  alluded  to.  In  the 
thicker  circumferential  portion  of  the  epidermis,  a  well-marked 
stratum  luddum  is  shown,  which  becomes  gradually  lost  above 
the  stratum  just  described.  Just  below  the  lowest  columnar 
cells  of  the  rete  Malpigtm,  a  well-defined  layer  of  dark  minute 
granules  is  to  be  seen  in  these  sections*  They  look  like  finely 
comminuted  "  debris ; "  and  in  places,  and  with  a  high  power,  they 
can  be  made  out  to  be  in  organic  connection  with  the  neighbour- 
ing intercellular  matrix. 

The  examination  of  these  sections  confirms  Dr.  Hamilton's 
observations  that  a  porous  antiseptic  sponge,  placed  upon  a 
granulating  surface,  will  become  infiltrated  with  new  tissue; 
and  that  its  own  substance  gradually  disappears.  It  does  not, 
however,  seem  to  us  at  all  necessary  to  call  in  the  aid  of  Dr» 
Hamilton's  ingenious  hypothesis  as  to  the  pushing  out  of  capil- 
lary loops,  in  order  to  explain  the  formation  of  the  granulation 
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tissue.  We  very  much  doubt,  indeed,  whether  the  formation  is, 
as  he  appears  to  suppose,  primarily  dependent  on  the  presence  of 
capillaries.  It  is  possible  to  conceive  that,  from  stimulation  or 
otherwise,  a  proliferation  of  the  cells  of  the  old  tissue  takes 
place ;  into  the  new  growth  so  formed  branches  from  the  sub- 
jacent capillaries  may  extend,  by  growth;  from  these  other 
sproutings  and  continuations  may  arise ;  and  in  the  same  new 
tissue  new  capillaries  may  be  formed,  to  become  subsequently 
connected  with  the  others.  In  short,  the  appearances  observed 
are  not  inconsistent  with  some  of  the  other  and  more  generally 
received  viaws. 


DESCRIPTION  OF  PLATE  XVI. 

Fig.  1.  Capillaries  (6)  anastomosing  among  the  fibres  (a)  of  the 
sponge  skeleton.  This  is  near  the  surface  of  the  granulation  tissue. 
The  sponge  had  been  fourteen  days  in  the  wound. 

Fig.  2.  A  capillary  in  a  somewhat  older  growth,  giving  off  a  branch 
at  a  (about  x  400). 

Fig.  3.  Cells  of  the  new  tissue,  with  processes  (about  500). 

Fig.  4.  Giant-cells  at  end  of  a  fibre. 

Fig.  5.  Giant-cells  at  ends  of  fibres.  At  c  a  distinct  indentation  in 
a  fibre  is  seen.  The  smaller  giant  cell  {d)  has  but  one  nucleus.  The 
cells  of  the  surrounding  tissue  are  approximately  of  the  size  of  e. 

Figs.  6,  7,  8,  and  9.  Giant-ceUs  more  or  less  enveloping  fibres. 

Fig.  10.  A  laige  cell  connected  by  processes  with  the  neighbouring 
ones. 
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THE  VALVULAR  ACTION  OF  THE  LAEYNX.  By 
T.  Lauder  Brunton,  M.D.,  F.RS.,  and  Theodore  Cash, 
M.D.,  St  Bartholomeu/s  Hospital,  London. 

Closure  of  the  glottis  plays  a  most  important  part  in  all  expul- 
sive acts,  such  as  coughing,  sneezing,  vomiting  or  defsecation ;  or 
in  those  muscular  actions  where  it  is  necessary  to  have  the 
thorax  fixed,  in  order  to  enable  the  muscles  attached  to  it  to  act 
with  greater  advantage  or  greater  precision.  On  looking  at  the 
human  larynx,  it  not  unfrequently  happens  that  the  mere  act  of 
introducing  the  mirror  into  the  fauces  excites  movements  of 
retching.  The  appearance  which  the  larynx  then  presents,  is 
that  of  a  somewhat  circular  or  slightly  elliptical  opening  com- 
pletely filled  by  three  bulging  segments,  strongly  reminding  one 
of  the  appearance  of  the  aortic  valves,  as  seen  from  below  in  an 
injected  aorta.  On  consulting  several  text-books  on  physiology 
we  find  that  the  mode  of  closure  of  the  glottis  is  treated  in  a 
very  cursory  way.  In  the  wonderfully  complete  physiology  of 
Haller  we  can  find  no  definite  information,  nor  is  there  any  in 
Todd's  Oyclopcedia  of  Anatomy  and  Physiology,  In  Miiller's 
Physiology,  translated  by  Dr.  Baly,  2nd  edition,*  we  find  the 
statement  that  in  holding  the  breath  the  air  tubes  are  cut  off 
from  the  mouth  and  nostrils  by  approximating  the  posterior 
palatine  arches,  and  pressing  the  root  of  the  tongue  against  the 
palate.  In  Carpenter's  Physiology,  9th  edition,  and  in  Foster's 
Physiology,  3rd  edition,  we  have  also  failed  to  find  a  definite 
account  of  the  mechanism  of  the  closure  of  the  glottis.  In 
Czermak's  Treatise  on  the  Laryngoscope^  he  states  that  during 
closure  of  the  glottis  he  has  observed  that — 

"  (1)  The  arytenoid  cartilages  intimately  meet  at  their  internal  sur- 
faces and  processes,  and  they  bring  the  edges  of  the  vocal  cords  in 
contact ;  (2)  the  superior  vocal  cords  approach  the  inferior  vocal  cords, 
80  as  to  obliterate  the  ventricles  of  Morgagni,  at  the  same  time  they 
also  meet  in  the  median  Hne ;  (3)  the  epiglottis  being  lowered,  and 
its  cushion  becoming  more  prominent  still,  it  presses  against  the  closed 
glottis  ;  the  contact  takes  place  ;trom  before  backwards.  These  three- 
fold occurrences  in  the  hermetic  closure  of  the  larynx  explain  the 

'  Vol.  i.  page  860.         •  New  Sydenham  Society  publications,  vol.  xi.  1861. 


Digitized  by 


Google 


864  DR.  BHUNTON  AND  DR.   CASH. 

resistance  which  the  glottis  successfully  opposes  to  the  pressure  of  the 
air,  without  a  development  of  much  force  during  the  effort" 

Czermak  also  gives  an  accurate  picture  of  the  appearance  of 
the  glottis  when  completely  closed  during  .effort,  though  a  still 
better  one  is  given  by  Griitzner  in  Hermann's  ITandbuch  der 
Phys.  (Band  1,  Theil  2,  page  59).     In  Gnitzner's  picture  (fig.  1) 
the  rounded  and  bulging  nature  of  the 
protuberances  formed  by  the  false  vocal 
cords  is  very  evident,  and  suggestive  of 
jf  inflation  from  below.     GrtLtzner,  how- 
aver,  only  remarks  that  the  false  vocal 
cords,  or  ventricular  bands,  are  often 
Fig.  1.— Glottis  closed  by    approximated,  and  the  cushion  of  the 
M^'-^r^rt^  5*)    epiglottisdepressed  upon  them,  whereby 
after  Grutzner.  a  Very  firm  closure  is  produced.    In  an 

inaugural  thesis  presented  to  the  Edinburgh  University  by  Dr. 
Wyllie  in  1865,  the  author  discussed  the  mode  of  closure  of  the 
glottis  very  fully,  and  illustrated  it  by  numerous  experiments. 
These  showed  very  clearly,  indeed,  what  an  important  part  is 
played  in  the  closure  of  the  glottis  during  expiration  by  the 
false  vocal  cords,  and  that,  indeed,  it  is  chiefly  if  not  entirely 
through  them  that  the  closure  is  usually  accomplished.  These 
experiments  were  published  in  the  Edinburgh  Medical  Joumaly 
September  1866,  but  as  they  are  not  referred  to  in  many  standard 
text-books,^  it  would  appear  that  they  have  not  received  the 
attention  they  deserve.  Wyllie  points  out  that  Czermak  was 
probably  deceived  in  regard  to  the  second  factor  in  the  closure 
of  the  glottis. 

Czermak  thought  that  the  superior  vocal  cords  approach  the 
inferior,  so  as  to  obliterate  the  ventricles  of  Morgagni,  at  the 
same  time  that  they  also  meet  in  the  median  line. 

As  Wyllie  points  out,  and  as  reference  to  the  accompanying 
fig.  2  will  show,  it  is  impossible  to  say  anything  with 
certainty  regarding  the  condition  of  the  entrance  to  the  ven- 
tricles of  Morgagni  when  the  glottis  is  closed,  inasmuch  as  these 
are  simply  oblong  orifices  in  the  lateral  walls  of  the  larynx,  and 
the  false  vocal  cords  completely  hide  them  from  view  when  they 

^  We  must  except  Tnrner^s  Introduction  to  Buman  Anatomy^  in  which  these 
experiments  are  referred  to 
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are  approximated.  Wyllie  points  out  that  an  anatomical  mis- 
conception prevails  regarding  the  nature  of  the  vocal  cords, 
many  considering  them  as  the  free  edges  of  membranes  which  are 
flattened  above  and  below.  They  are,  however,  really  wedge- 
shaped  projections  firom  the  sides 
of  the  larynx,  the  apex  of  the 
wedge  being  directed  downwards 
and  attached  to  the  laryngeal 
wall,  its  upper  flat  surface  form- 
ing the  floor  of  the  ventricle  of  i 
Morgagni,  and  its  projecting  edge 
forming  the  true  vocal  cord. 

Their  shape  is  as  badly  adapted 
as  we  can  possibly  imagine  for 
retaining  air  in  the  thorax,  though  i 

very  well  adapted  for  preventing  1 

air  from  entering  it.      Wyllie's  j^ 

experiments  showed  that  by  no  j 

adjustment  could  the  true  vocal  • 

cords  completely  prevent  the  exit  *  \ 

of  air,  but  that  when  they  were  4 

simply  approximated,  not  even  _\ 

being  pressed  together,  they  com-  p,^  2.-Anterior  half  of  a  transveree 
pletely  prevented  its  entrance,  vertical  section  through  the  larynx 
TTr'xi_    xi-      r  1  1  J      j.1.        D^'  i*s  middle.    (From  Allen  Thom- 

Wltn   tne  false    vocal   cords   tne      son  in  Quoin's  Anatomy).     1,  Upper 

case  was  just  the  reverse  :   they      division  of  the  laryngeal  cavity  ;   2, 

•*  '  "^       central  portion ;   8,  lower  division 

present  no  obstacle  whatever  to      continuedinto  4,  part  of  the  trachea; 

the  entrance  of  air.  but  when  they    tt,*^^^'*/  "^T^i 

are  approximated  they  completely      comua  of  the  hyoid  hone ;  JU,  thyro- 

obstruct  its  exit  from  the  lungs.    J^L'td  ^ -rS^"Sh:I 

and  the  air  getting  behind  them  of  the  cricoid  cartilage  ;  r,  first  rma 
.  -  T.  t         £  '^r  .       of  the  trachea ;  to,  thyro-arytenoid 

into  the  ventricles  of  Morgagni,      muscle ;!?/,  thyroarytenoid  ligament 

inflates  them,  and  thus  the  greater    ^"^  ^^  *™«  ^^^l  <?^  covered  hy 

\  ^  mucous  memhrane  at  the  nma  glot- 

pressure  behind  them  the  more  tidis;  «,  the  ventricle,  ahove  this 
-^^-^^^^4-  ;«  4.1, a;«  »*v-rvr^»;i-;^»«  the  superior  or  false  cords ;  •  the 

perfect  is  theur  apposition.  sacculiior  pouch  opened  on  the  right 

Our  own  investigations  com-     side, 
pletely  confirm  those  of  Dr.  Wyllie.    He  extends  his  experi- 
ments to  the  production  of  voice,  we  have  restricted  ourselves  to 
the  simple  mechanism  of  the  closure  of  the  larynx  during  effort; 
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but  instead  of  confining  our  observations  to  the  human  larynx, 
we  have  made  comparative  observations  on  the  larynges  of  some 
animals. 

Before  entering  into  those  in  detail,  it  may  be  advisable  to 
say  a  few  words  regarding  the  comparative  anatomy  of  the 
larynx. 

A  good  anatomical  classification  of  laryngeal  variations  is  the  fol- 
lowing, proposed  by  Milne-Edwards  ^ : — 

L  The  aglottic  type,  in  which  tho  laryngeal  cavity  is  not  separated 
into  two  spaces  by  well-marked  vocal  corda 

IL  The  simple  glottic  type,  in  which  there  are  well-marked  vocal 
cords,  but  in  which  no  false  cords  nor  ventricles  are  present 

IIL  The  composite  type,  in  which  the  upper  or  anterior  portion  of 
the  larynx  is  furnished  with  a  second  pair  of  cords— commonly  termed 
false  or  superior  cords — and  which  are  separated  from  the  true  cords 
by  a  distinct  ventricle. 

IV.  The  cavernous  type,  in  which  the  cavity  of  the  larynx  is  in 
communication  with  a  sinus  possessing  accessory  pouches,  of  which 
the  mouths  are  situated  in  the  ventricles  of  the  larynx,  or  in  other 
parts  of  this  organ. 

In  following  this  classification,  the  animals  whose  larynges  determine 
their  serial  position  will  be  mentioned  indiscriminately,  and  peculi- 
arities of  the  glottis  briefly  expressed,  whilst  reference  to  the  author 
who  is  responsible  for  the  statement  will  be  made  in  a  footnote. 

Class  L — ^In  the  piscifarm  mammals,  where  the  larynx  has  fwt  the 
function  of  a  vocal  instrument,  but  only  that  of  insuring  continuity  of 
respiratory  work  during  deglutition,  and  maintaining  free  communica- 
tion between  the  trachea  and  nasal  cavities.  This  form  of  oiganisa- 
tion  is  found  in  the  Cetaceans. 

The  Dugong  has  no  ventricle. 

In  the  Dolphin^  the  glottis  opens  into  the  posterior  nares,  and  has 
a  pyramidal  form.  It  is  patent  only  at  its  summit,  and  leaves  at 
either  side  a  passage  for  food.  The  pyramidal  elevation  is  formed  by 
the  arytenoids  and  the  epiglottis.  Probably  in  these,  and  in  Cetaceans 
generally,  there  is  no  voice,  as  no  true  means  for  its  production  are 
present. 

Marsupialia, — In  the  Kangaroo*  there  is  no  false  oord,  no  ven- 
tricle, and  only  the  faintest  indication  of  true  cords.  The  ary- 
tenoids are  capable  of  considemble  elevation,  and  permit  the  passage  of 
air  through  a  large  gap  between  their  inner  sufaces. 

The  Kangaroo  has  a  cavernous  sinus. 

It  is  probable  that  the  Kangaroo  is  mute. 

The  fcetal  Hippopotamus  has  no  cords  but  a  simple  longitudinal 
elevation,  formed  by  the  anterior  extremity  of  the  arytenoid.* 

^  Milne-Edwards,  Lefon$  sur  le$  PhysiologU  et  VanatomU  cwnpari^  de  Phomme  H 
des  Animaux. 

«  Cuvier,  p.  797.  •  MUnc-Edwards,  p.  ii%  <  Cuvier,  p.  791. 
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Cki88  II.  is  a  veiy  large  one,  and  embraces  mammals  from  very 
widely  dififering  orders. 

The  Hedgehog  ^  belongs  also  to  this  class. 

In  the  Elephant  *  the  arytenoids  do  not  touch  by  their  inner  surfaces, 
and  the  true  cords  are  placed  obliquely.  The  false  cords  are  indicated  in 
position  by  a  faint  projection  of  the  mucous  membrane,  and  the  ven- 
tricles are  only  formed  by  an  excavation  of  the  upper  surfaces  of  the 
true  cords.     At  the  anterior  commissure  there  is  a  transverse  fo^d. 

In  the  Ruminants^  the  arytenoids  have,  besides  their  agticular 
facette,  a  superior  angle  which  is  curved  forwards,  and  an  inferior  to 
which  the  vocal  cords  are  attached. 

The  inferior  margin  of  these  cords  is  obtuse  and  continuous  with 
the  rest  of  the  internal  lining  membrane,  the  superior  margin  is  more 
or  less  free  and  trenchant — it  is  much  more  so  in  the  Deer  than  in 
the  Grazelles,  and  it  is  very  indistinct  in  the  case  of  the  Cow  and  Sheep. 
The  internal  faces  of  the  arytenoids  touch,  and  air  could  only  pass 
between  the  anterior  margins  and  the  epiglottis.  This  passage  is 
more  or  less  narrow  according  to  the  species.  There  is  no  superior 
ligament  and  no  ventricle  properly  so  called,  neither  does  any  cunei- 
form cartilage  exist 

Sometimes,  as  in  the  Antilope  guHurosOy^  the  thyroid  is  bulged 
outwards  in  the  neighbourhood  of  the  attachments  of  the  vocal  cords. 

In  Hares  and  Rabbits  {Lepiu  timidtts  et  cunictdua)  there  is  an 
intermediary  form,  as  the  faJse  cords  are  wanting,  but  the  ventricle 
exists.  In  the  Lepus  timidus,  however,  Wolff  denies  the  existence  of 
a  ventricle.* 

In  the  Rein-Deer*  there  is  a  large  subepiglottal  sac,  but  this  is  not 
found  in  the  Deer. 

The  Sloth  {Bradypua  tridadylus)  has  a  peculiar  form  of  vocal  cord. 
The  true  cord  recurves  at  its  free  margin  in  such  a  manner  that  with 
its  fellow  it  could  exert  a  valvidar  action  which  would  seem  to  be 
sufficient  to  prevent  the  exit  of  air,  and  in  the  expiratory  movement 
it  vibrates  with  the  impulse  of  the  passing  air.  Cuvier  ^  has  shown 
that  there  is  neither  ventricle  nor  false  cord  to  be  found  in  the  glottis 
of  the  Bradypus.  « 

Class  IIL — Man  and  the  greater  part  of  Ungulate  mammals  are  to 
be  referred  to  this  class,  though  others  have  the  cavernous  glottis 
which  is  embraced  in  the  fourth  and  final  division. 

Here  the  vocal  cords  are  not  only  well  developed  and  possess  a  free 
border  more  or  less  fine,  while  each  is  capable  of  advancing  to  meet  its 
fellow  of  the  opposite  side  in  the  median  line,  but  there  exists  above 
the  true  cords  a  second  pair  of  analogous  folds,  less  adapted  to  phona- 
tion,  and  between  these  projections  one  recognises  a  fossa,  bilocular 
but  not  communicating  with  a  sac  or  cavern.  This  structure  is  found 
in  the  Camivora  for  the  greater  part^  but  this  group  has  many  varia- 

>  Milne-Edwardfl,  p.  442.  ^  Op,  cU,,  p.  442  •  Cuvier,  p.  796. 

*  Cuvier,  p.  796.  •  Wolff,  DisaerUUio  AnaUmica^  p.  19. 

•  MUne-Edwards,  p.  442.  ^  ji^^^  p.  790. 
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tions  amongst  its  members.  In  the  Dog^  {Cants  domesticm)  the  larynx 
is  very  large.  The  true  cords  are  well  developed  and  broad.  They 
are  capable  of  being  bulged  to  a  considerable  extent  when  air  distends 
the  ventricles,  which  are  very  deep,  and  ascend  a  considerable  distance 
along  the  inner  surface  of  the  thyroid.  The  false  cords  are  neither 
strong  nor  prominent.  Wolff  ^  testifies  to  the  strength  of  the  cords  of 
this  animal,  and  mentions  that  the  ventricle  is  deeper  at  its  ex- 
tremities than  in  its  middle  part.  Canis  lupus,* — The  ventricles  of  Mor- 
gagni  ve  large  and  deep.  In  the  different  species  of  the  Genus  Felts 
the  false  cords  are  very  prominent  and  well  detached  from  the  walls  of 
the  larynx.  They  are  attached  directly  to  the  arytenoids,  and  at  their 
point  of  juncture,  under  the  epiglottis,  they  form  a  small  vault- 
like  attachment.  In  the  Lion  *  the  true  cords  are  neither  so  free  nor 
their  borders  so  trenchant  as  in  the  Dog ;  they  are,  in  fact,  thick,  and 
but  slightly  prominent.  The  superior  part  of  the  larynx  is  dilated. 
There  is  no  ventricle  according  to  Wolff.^  In  the  Cat  (Fdis  cattu) 
the  larynx  is  smaU,  and  guarded  by  a  long  upper  and  pointed  epi- 
glottis. Anteriorly,  the  false  cords  are  widely  separated  ;  they  are  in 
structure  very  fine,  instead  of  being  thick  as  in  the  Lion ;  the  true 
cords  touch  at  their  anterior  extremitiea  There  are  no  cartilages  of 
Santorini.* 

In  the  Tiger  the  arytenoids  are  much  raised. 

In  the  Hyaena  ^  {Hyasna  striata)  the  superior  ligaments  are  scarcely 
visible,  and  there  is  but  a  faintly-marked  ventricle. 

Flantigradn.'^-lD.  the  Bear®  both  pairs  of  cords  are  so  arranged  as  to 
raise  themselves  nearly  to  the  same  level  by  their  free  edges,  and  to 
direct  towards  the  epiglottis  the  slit  which  forms  the  entrance  to  the 
ventricles. 

Ouvier*  says: — The  posterior  ligaments  or  true  cords,  which  are 
thick  but  very  distinct,  and  which  are  attached  to  the  arytenoids,  rise 
between  the  two  anterior  ligaments,  which  are  attached  to  the  cunei- 
forms in  such  a  manner  that  the  four  ligaments  are  upon  the  same 
level,  and  that  the  ventricles  of  the  glottis  are  simply  two  deep  slits, 
open  no  longer  towards  the  laryngeal  cavity  but  facing  the  epiglottis. 
They  bend  inwards  very  little  between  the  epiglottis  and  the  thyroid. 
The  ligaments — or  rather  the  external  anterior — are  little  separated 
from  the  epiglottis. 

Wolff ^^  also  adopts  the  terms  external  and  internal  for  the  ligaments 
of  the  larynx  as  being  topographically  correct.  He  mentions,  that 
whilst  the  external  are  inserted  into  the  cuneiform  cartilages,  the 
internal  are  attached  to  the  arytenoids.  All  four  are  inserted  into  the 
root  of  the  epiglotti&  (His  examination  was  made  upon  a  specimen 
of  Ursus  arctos). 

The  ventricle  of  the  Ursus  meles  he  found  large  and  very  deep. 

1  Milne-Edwards,  p.  446.  ^  Wolff,  DisaertcUio  AnaUmiica,  p.  10 

*  Op,  cU.f  p.  10.  *  Milne-Edwards,  p.  445. 

»  Dis,  AncU,,  p.  9,  •  Wolff,  Dis,  Anat,,  p.  8. 

7  Op.  eit.t  p.  9.  *  Milne-Edwards,  p.  446. 

»  AnaL  Comp,,  Tom.  viii.,  p.  787.  "  Dis,  AnaL,  p.  12, 
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The  Erinaeeua  Europceus^  has  only  small  snperior  corda,  though 
the  ventricles  are  deep  and  sacculated. 

The  Coati^  has  a  somewhat  similar  arrangement  to  the  Bear,  but  the 
Badger^  has  ligaments  of  the  usual  position,  the  anterior  with  a  sharp 
margin,  the  posterior,  however,  being  obtuse.  The  ventricle  is  open 
and  leads  into  a  sac.  The  sound  which  this  animal  emits  is  probably 
produced  by  the  friction  or  impaction  which  the  air  suffers  against 
the  posterior  border  of  the  anterior  cords  and  its  division  into  these 
diverticula. 

The  Civet  ^  has  a  glottis  like  that  of  the  Cat. 

It  results  from  the  structure  of  the  larynx  in  the  genus  of  the  cat 
tribe,  that  it  is  chiefly  the  anterior  ligaments  which  must  perform  the 
functions  of  vocal  cords.  Their  union  towards  the  epiglottis  forming 
a  little  vault  against  which  the  air  must  strike  with  force,  favours  this 


view. 


5 


Movements  of  the  false  cords  only  become  apparent  in  great  expira- 
tion and  inspiration.  In  phonation  they  do  not  advance  in  the 
manner  of  a  platform  above  the  true  cords,  but  they  depress  and  apply 
themselves  on  the  basal  portion  of  these  so  as  almost  entirely  to  efface 
the  entry  of  the  ventricle  of  the  larynx,  and  to  limit  the  vibrations  of 
the  true  cords  to  a  certain  length.^  As  the  voice  rises,  these  mem- 
branous folds  cover  progressively  from  without  inwards  the  vocal 
cords.^ 

Pirmigrada, — ^The  Seal®  has  an  obtuse  vocal  cord  which  is  but 
slightly  free.  The  anterior  ligament  blends  with  the  base  of  the 
epiglottis.     The  ventricle  is  superficial 

The  Marmot  has  a  very  sharp  margin  of  the  anterior  ligament,  more 
so,  in  fact,  than  that  of  the  posterior.^ 

Class  IV.  may  be  regarded  as  containing  animals  which  would 
belong  to  the  third  class,  had  they  not  some  '*  cavernous "  character 
snperaidded,  and  also  animals  of  a  less  perfect  type. 

The  liama  has  false  and  true  cords,  a  ventricle,  and  a  common 
larynx,  and  therefore  with  the  Camel  (Camdus  hadrianus)  forms  an 
exception  to  the  usual  Euminant  typa  (The  latter  animal  has  a 
trachea  3  feet  in  length,  but  very  narrow;  its  larynx  is  small  and 
its  voice  proportionately  weak.)^^ 

In  Solipedes^^  the  vocal  cords  are  narrow  and  situated  deeply.  There 
are  no  false  cords,  and  no  ventricle  properly  speaking,  but  a  hole 
pierced  in  the  lateral  wall  above  the  true  cords  conducts  into  a  large 
oblong  sinus,  hidden  between  the  wall  and  the  thyroid,  and  covered 
to  a  great  extent  by  the  thyro-arytenoid  muscles,  which  should  be 
able  to  compress  it. 

This  opening  is  large  in  the  Horse,  ^^  but  the  cavity  is  not  very  deep. 

»  C^.  cit,  p.  15.  »  Cuvier,  p.  788.  »  DM, 

*  Ibid,  •  Ibid,,  p,  787.  •  Mnne-Edwards,  p.  612. 

'  Ibid,  p.  626.  » Ibid,,  p.  788.  »  CJuvier,  p.  789. 

»  Dia,  Anat.,  p.  28.  "  Cuvier,  p.  793.  "  Ibid,,  p.  793. 
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There  ^  is  also  in  this  animal  a  triangular  membrane  situated  in  the 
angle  of  the  thyroid.  This  easily  vibrates  as  it  rests  upon  the  moving 
cords  beneath  it  The  commencement  of  the  "hinny"  is  due  to 
repeated  shocks  of  expired  air  upon  this  membrane. 

In  the  Ass^  two  sacs  are  situated  above  the  attachment  of  the  cords. 
A  tendinous  membrane  is  also  present  There  is  a  great  deepening  of 
the  thyroid. 

Cuvier^  considers  the  larynx  of  the  Mule  more  allied  to  that  of  the 
mare,  and  speaks  of  Herrissant's  observations  as  inaccurate,  and  as 
regards  the  triangular  membrane  of  the  horse's  and  ass's  larynx, 
exaggerated. 

The  Rhinoceros*  has  well-marked  vocal  cords  and  deep  ventricles, 
before  each  of  which  is  a  nearly  vertical  opening,  and  it  is  at  the 
bottom  of  this  excavation  that  the  anterior  ligaments  are  attached. 

In  the  Pig*  the  true  cords  are  free  and  sharp.  The  superior  liga- 
ment is  large  and  its  margin  rounded.  The  ventrical  is  shallow,  and 
from  this  opens  an  oblong  sinus  which  rises  up  between  the  mucous 
membrane  and  the  thyroid,  and  is  the  size  of  the  end  of  the  little  finger. 

(It  is  to  be  observed  that  in  many  animals  of  this  class,  t.6., 

quick  runners,^  the  two  cartilages  are  arranged  in  such  a  manner  as 
not  to  coaptate  completely,  and  so  allow  a  space  to  remain  free  be- 
tween them  when  they  are  touching  by  their  summits.  It  results  from 
this,  that  by  the  approximation  of  the  true  cords  the  glottis  is  not 
closed,  and  that  there  remains  always  a  passage  for  the  air  behind  the 
membranous  part  Mr.  Mandl  thinks  that  this  is  peculiar  to  the 
species  which  run  rapidly.) 

In  the  Howling  Ape^  (Mycetea)  the  hyoid  is  enormously  developed 
in  form  of  a  bell  to  lodge  the  air  sacs  peculiar  to  this  animal  There 
are  also  air  sacs  in  the  pharynx. 

In  Simia  sabcea^  at  the  root  of  the  epiglottis,  and  above  the  liga- 
ments, there  is  a  transverse  opening  which  leads  to  a  membranous 
sac  situated  between  the  thyroid  cartilage  and  the  hyoid  bone.  In  the 
walls  of  the  sac  the  fibres  are  partly  tendinous  and  partly  muscular. 

In  Simia  pamisco  ^  there  is  a  sac  between  the  cricoid  and  trachea. 
The  trachea  has  continuous  rings  in  some  Simians. 

If  the  view  that  the  function  of  the  false  cords  or  ventricular 
bands  is  to  close  the  glottis  during  effort,  and  thus  to  fix  the 
thorax,  we  should  expect  them  to  be  very  strongly  developed  in 
those  animals  whose  habits  render  such  fixation  likely  to  be 
serviceable ;  on  the  other  hand,  we  should  expect  them  to  be 
absent  in  those  animals  where  fixation  of  the  thorax  would  be  of 
little  or  no  service ;  and  this  seems  to  be  actually  the  case. 

^  Herrissant,  Bicherches  sur  les  Organs  de  la  Voix^  p.  282. 
2  Op.*cU.,  p.  286.  »  Cuvier,  p  793, 

*  Cp.  cit.,  p.  791.  ^Cuvier,  p.  791. 

•  Milne-Edwards,  p.  456.  '  Op,  cit,,  p.  448. 
8  Wolff,  p.  1.                              »  ZJ2d.,p.  1, 


Digitized  by 


Google 


THE  VALVULAR  ACTION  OF  THE  LARYNX.        371 

In  animals  whose  motions  are  chiefly  those  of  running,  we 
find  the  ventricular  bands  absent,  or  slightly  developed  But 
in  auimals  where  the  anterior  extremities  are  used  for  striking, 
hugging,  or  climbing,  the  vocal  cords  are  strongly  developed. 
We  might  at  first  expect  also,  that  in  cases  where  the  anterior 
extremities  were  employed  for  the  purpose  of  prehension,  we 
would  also  find  the  ventricular  bands  developed.  But  this  is  not 
always  the  case. 

When  engaged  in  any  very  delicate  work  where  the  least 
oscillation  of  the  hand  might  be  injurious,  we  often  hold  our 
breath,  but  for  ordinary  prehensile  actions  we  do  not  close  the 
glottis,  unless  considerable  eflfort  is  required  at  the  same  time. 
In  marsupials  such  as  the  kangaroo,  the  anterior  extremities 
are  used  for  holding  food  and  conveying  it  to  the  mouth.  We 
might  therefore  expect  that  the  false  vocal  cords  would  be 
strongly  developed.  But  the  fore  limbs  are  small  and  weak, 
and  very  slight  muscular  eflfort  is  employed  in  the  movements 
just  mentioned.  The  fact  that  in  these  animals  the  ventricular 
bands  are  absent,  is,  therefore,  very  much  what  might  have  been 
expected.  In  the  soUpedes  they  are  also  absent  In  the  pig  they 
are  rounded ;  and  thei-e  is  a  shallow  ventricle  in  the  hedgehog. 
They  are  present,  but  small,  in  the  llama,  and  in  the  camel  they 
are  fairly  well  marked.  In  the  dog  the  true  cords  are  well 
developed  and  bi-oad ;  the  ventricular  bands  are  not  strong  or 
prominent,  but  the  ventricle  of  Morgagni  is  deep.  In  the  wolf 
the  ventricle  is  also  deep  and  large.  In  the  lion  and  tiger  the 
ventricular  bands  are  prominent  and  well  detached  from  the 
walls  of  the  larynx.  In  the  cat  they  are  not  large ;  and  they  are 
?ery  fine  instead  of  being  thick  as  in  the  lion.  In  the  three- 
toed  sloth  they  are  well  developed.  In  the  bear,  in  which  the 
closure  of  the  glottis  would  require  to  be  specially  strong,  from 
its  habit  of  climbing  trees  and  destroying  its  enemies  by 
hugging,  the  arrangement  of  the  ventricular  bands  is  very 
remarkable ;,  the  vocal  cords  are  capable  of  being  raised  until 
they  and  the  ventricular  bands  are  nearly  at  the  same  level,  and 
the  opening  between  them  is  directed  towards  the  epiglottis  from 
which  the  false  cords  are  but  little  separated.  During  the 
closure  of  the  glottis  the  cushion  of  the  epiglottis  will,  therefore, 
to  a  considerable  extent,  be  directed  against  the  opening  of  the 
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ventricles,  and  the  glottis  will,  we  should  think,  be  closed  with 
very  great  firmness. 

We  have,  however,  not  seen  any  specimen  of  the  larynx  of 
the  bear,  and  these  considerations  are  drawn  only  from  the 
description  which  we  have  read. 

In  the  howling  monkey  the  ventricular  bands  are  well 
developed. 

Our  own  experiments  were  made  upon  the  fresh  larynx  of  the 
sheep,  of  the  dog,  of  the  cat,  of  the  ape,  and  of  man. 

The  experiments  were  made  by  fixing  a  T-cannula  in  the 
trachea  below  the  larynx.  The  lower  arm  was  connected  with 
a  bellows,  and  the  side  branch  with  a  water  or  mercurial 
manometer ;  the  arytenoid  cartilages  and  the  vocal  cords  were 
then  approximated,  as  well  as  the  ventricular  bands  when  these 
were  present  The  strength  of  current  which  these  structures 
could  resist  in  various  positions,  and  during  inspiration  and  ex- 
piration, was  estimated  by  the  height  at  which  the  water  or 
mercury  stood  in  the  manometer.  A  curved  needle  was  passed 
through  the  bases  of  the  arytenoids  which  were  then  coaptated 
by  means  of  a  figure-of-eight  ligature.  In  some  experiments  in 
which  the  larynx  possessed  cords  of  such  dimensions  as  to  admit 
of  it,  needles  were  passed  through  the  thyroid  cartilage,  one  on 
either  side  of  the  middle  line,  and  just  external  to  the  anterior 
attachment  of  the  false  cords,  and  the  points  were  pushed 
backwards  inside  the  edge  of  the  false  cord  towards  the 
arytenoid  cartilage.  In  this  way,  approximation  of  the  cords 
could  be  easily  produced  by  movement  (separation)  of  the  eye 
end  of  the  needle.  In  smaller  larynges,  however,  approxima- 
tion was  assisted  by  seizing  the  coaptated  edges  of  the  cords 
with  a  pair  of  fine  pointed  curved  forceps.  Lateral  pressure 
was  exercised  by  means  of  a  weighted  scale  pan  which  was 
connected  with  a  movable  concave  surface  of  wood  placed 
externally  over  the  line  of  attachment  of  the  cord  to  the  wall  of 
the  larynx. 

This  was  aided  or  substituted  by  manual  pressure^  and 
manipulation  was  also  resorted  to  in  pushing  the  base  of  the 
tongue  with  the  epiglottis  backwards  over  the  larynx. 

In  the  sheep  the  ventricular  bands  are  absent.  The  following 
figures  represent  the  result  of  these  experiments : — 
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On  blowing  upwards  through  the  glottis,  the  true  vocal  cords 
being  closed  (no  false  cords). 

Resistanoe. 


Bzpeiiment     1 


On  sucking  air  downwards  through  the  glottis,  the  resistance 
rose  to  heights  var3dng  from  54  to  140  millimetres  of  mercury, 
or  from  about  28  to  72^  inches  of  water. 

In  the  cat  the  resistance  to  the  exit  of  air  from  the  larynx 
presented  by  the  true  vocal  cords  alone  is  very  small,  generally 
about  6  mm.  of  mercury. 

When  their  approximation  is  aided  by  a  lateral  pressure  of 
100  grammes,  a  resistance  of  16  mm  of  mercury  may  be 
reached. 

The  ventricular  bands  in  the  cat  are  thin  and  easily  coap- 
tated,  but  they  are  not  calculated  to  resist  much  pressure  unless 
they  are  supported :  such  support  is  afforded  by  the  epiglottis,  if 
it  is  slightly  pressed  backwards,  and  gentle  lateral  pressure  is 
made  so  as  to  coaptate  the  cords. 

If  firm  pressure  is  applied  in  this  way  the  resistance  pre- 
sented to  the  exit  of  air  by  the  ventricular  bands  is  very 
considerable,  and  they  may  not  yield  even  under  pressure  of 
from  24  to  40  mm.  of  mercury.  To  reach  the  latter  figure, 
however,  considerable  support  from  the  base  of  the  epiglottis 
and  from  the  lateral  aspects  of  the  larynx  is  required.  When 
the  true  cords  are  approximated,  as  well  as  the  ventricular 
bands  in  the  cat,  the  epiglottis  being  at  the  same  time 
slightly  depressed  and  gentle  lateral  pressure  exerted,  they 
easily  resist  a  pressure  of  30  mm.  of  mercury,  or  more. 

The  resistance  to  the  ingress  of  air  afforded  by  the  true  cords 
alone,  in  the  cat  is  very  considerable  ;  when  a  lateral  pressure 
of  20  grammes  is  exerted  so  as  to  bring  them  together  they 
easily  resist  a  suction  power  of  50  or  60  mm.  of  mercury,  and 
when  the  lateral  pressure  is  increased  they  will  resist  consider- 
ably greater  suction  than  this. 


Digitized  by 


Google 


374  DR    BRUNTON  AND  DIL   CASH. 

The  ventricular  bands  when  ordinarily  approximated  will  not 
resist  more  than  two  or  three  mm.  of  mercury. 

In  such  experiments  as  these  there  is  not  a  little  difficulty  in 
approximating  the  vocal  cords  so  as  to  imitate  their  closure 
during  life.  The  lateral  pressure  exerted,  the  position  of  the 
epiglottis  in  regard  to  the  cords,  the  fi-eshness  of  the  larynx, 
and  many  other  circumstances  modify  the  results  obtained  to  a 
very  considerable  extent.  By  way  of  example  we  may  mention 
that  in  eight  measurements  of  the  resistance  offered  by  the 
approximation  of  true  and  false  cords  in  the  cat,  at  the  same 
time,  variations  from  30  to  60  mm.  were  registered.  The 
former  figure  is,  however,  the  more  exact,  though,  if  there  be  a 
slight  increase  of  lateral  pressure,  and  the  epiglottis  be  pushed 
gently  backwards  over  the  glottis,  a  pressure  of  40  and  60  mm. 
may  be  obtained. 

The  following  figures  in  mm.  of  mercury  may  be  taken  as 
representative  of  the  results: — 

Blowing.  Suction. 


True  and  True  False  True  and  True  False 

False.  alone.  alone.  False.  alone.  alone. 

30-50  4-10  24-40  60-120  60-120  2-10 

It  appears  from  these  figures  that  closure  of  the  superior  cords 
did  not  increase  the  powerful  resistance  offered  by  the  inferior 
to  the  ingress  of  air  as  represented  by  suction.  A  quick 
powerful  auction  (i.e.,  inspiration)  movement  closes  the  true 
cords,  but  this  does  not  affect  the  false  cords  in  the  same  manner, 
nor  does  the  negative  pressure  in  the  trachea  extend  to  them. 
The  larynx  again  tends  to  pass  downwards,  and  the  ''  telescop- 
ing** due  on  the  one  hand  to  the  elevation  of  the  larynx,  and  on 
the  other  to  the  pressing  backwards  of  the  root  of  the  tongue 
and  of  the  epiglottis  with  its  supporting  pad,  which  occurs  in 
efforts  to  vomit,  is  here  entirely  absent. 

We  could,  however,  imagine  that  the  ventricle  becoming 
distended  in  expiration  after  narrowing  of  the  larynx  by 
muscular  action  and  approximation  of  the  false  cords,  the 
inferior  might  themselves  be  closed  by  the  pressure  from  above, 
aud  that  thus  a  slight  measure  of  support  might  be  afforded. 
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The  false  cords  in  the  dog  are  inconspicuous  and  weak  in 
comparison  with  the  broad  well-developed  true  cords. 

They  offer  almost  no  resistance  to  the  ingress  of  air :  4  mm. 
of  mercury  being  the  utmost,  and  this  amount  is  only  reached 
when  sticky  mucus  on  the  bands  adds  to  the  resistanca 

The  true  cords,  either  alone  or  with  the  false  cords,  resist  the 
ingress  of  air  with  a  force  of  80  to  180  mm.  of  mercury. 

The  true  cords  alone  offer  a  resistance  of  only  about  9  mm.  to 
the  exit  of  air. 

The  ventricular  bands  alone  offer  18'5  mm.,  and  this  may  be 
increased  to  60  mm.  if  the  glosso-epiglottidean  sulcus  be 
thoroughly  distended ;  and  the  true  and  false  together,  21  mm. 

The  relatively  high  pressure  of  the  true  and  false  cords 
together  was  accompanied  by  a  bulging  upwards  of  the  glosso- 
epiglottidean  sulcus.  It  is  possible  that  the  inflation  of  the 
ventricle  tends  also  to  push  the  true  cords  together,  and  that 
thus  they  aid  to  a  slight  extent  in  closing  the  glottis  during 
expiration. 

The  larynges  examined  were  those  of  small  dogs. 

In  the  ape,  when  the  ventricular  bands  alone  are  approxi- 
mated, inflation  of  the  ventricles  is  well  marked  at  the  bases  of 
the  bands.  It  is  distinctly  seen  in  this  animal  that  powerful 
expulsion  of  air,  and  especially  sudden  expulsion,  tends  to  close 
the  ventricular  bands,  and  this  strongly  confirms  the  views 
already  expressed  in  regard  to  the  fuuction  of  these  structures. 

A  sudden  inspiratory  effort  when  both  true  and  false  cords, 
or  when  the  true  cords  alone,  are  approximated,  is  seen  to  cause 
the  lateral  foss»  to  sink  considerably  downwards,  and  the 
resistance  to  the  ingress  of  air  which  they  afford  is  very  great : 
being  equal  to  75  mm.  of  mercury  and  more. 

When  the  ventricular  bands  alone  are  approximated,  their 
power  of  resistance  is  very  small,  unless  they  are  firmly  coap- 
tated,  when  they  present  considerable  resistance  to  the  ingress 
of  air.  But  it  is  very  improbable  that  in  the  living  larynx  they 
can  be  pressed  together  in  this  way ;  and  their  functions,  there- 
fore, are  evidently  very  different  from  that  of  the  true  cords,  in 
which  the  simple  occurrence  of  a  rapid  inspiratory  movement, 
when  the  true  cords  are  approximated,  effectually  closes  the 
glottis. 
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Old  World  Ape  (Small  Specimen). 
Pbessuek.  Suction. 


■ ^         ^  ^ 

True  closed  True  False  True  closed  Troe  False 

and  False.  closed.        closed.  and  False.  closed.        dosed. 


80  mm.  2-6m.  24m.  70-140  70-140  2-4 

Only  two  specimens  of  the  haman  larynx  were  examined. 

The  ventricular  bands  alone  afforded  a  resistance  of  300 
mm.  when  gentle  lateral  pressure  wsis  employed.  Whilst 
blowing  air  from  below,  a  slight  telescoping,  by  pressing  the 
base  of  the  tongue  and  the  epiglottis  backwards,  being  permitted, 
a  bulging  upwards  of  the  hyoid  fossa  and  the  root  of  the 
ventricle  underneath  the  attachment  of  the  ventricular  bands 
could  be  distinctly  seen.  When  firm  lateral  pressure  was 
associated  with  this  movement  a  much  higher  pressure  was 
resisted.  The  ventricular  bands  alone,  when  not  forcibly  held 
together,  presented  no  resistance  whatever  to  inspiration — in 
fact,  they  separated  even  when  the  true  cords  were  in  contact^ 
and  resisting  a  powerful  suction. 

The  true  cords  alone  resist  the  ingress  of  air  quite  as  much  as 
when  the  ventricular  bands  also  are  approximated.  The 
resistance  is  very  great,  and  sometimes  reaches  140  mm.  of 
mercuiy,  and  even  more — ^in  fact,  suction  of  greater  power  than 
we  could  employ  failed  to  separate  them,  but  rather  tended  to 
increase  their  resistance. 

Closure  of  the  glottis  is  so  important  a  factor  in  the  act  of 
vomiting,  that  we  must  now  consider  how  far  the  development 
of  the  false  vocal  cords  in  different  classes  of  animals  is  asso- 
ciated with  the  easy  and  perfect  performance  of  the  act 

We  find  that  in  Jtuminants  generally  true  vomiting  is  either 
difficult  or  impossibla  The  same  is  the  case  with  the  Sdipedes 
and  the  BodeiUm,  while  in  the  cat  and  dog  it  is  performed  moso 
effectually.  There  is  no  doubt,  in  the  act  of  vomiting,  another 
factor  than  that  of  simple  increase  in  intra-thoracic,  or,  more 
accurately,  intra- tracheal  pressure,  for  however  greatly  this 
pressure  be  increased,  as  in  coughing,  defaecation,  or  parturition, 
vomiting  does  not  occur  unless  the  cardiac  extremity  of  the 
oesophagus  be  dilated.  One  explanation  of  the  difficult  with 
which  vomiting    occurs  in  horses,  for  example,  is  that  the 
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oesophagus  passes  a  considerable  way  below  the  pillars  of  the 
diaphragm,  and  that  thus  the  fibres  which  radiate  from  it  on  to 
the  stomach  tend  to  exert  rather  a  longitudinal  than  a  lateral 
action,  and  to  pull  the  oesophagus  down,  or  the  stomach  up, 
rather  than  to  dilate  the  orifice.  This  explanation  may,  to  a 
considerable  extent,  be  correct,  but  we  think  that  the  other 
factor,  viz.,  the  want  of  true  vocal  cords,  and  the  consequent 
difificulty  of  greatly  increasing  the  intra-thoracic  pressure,  is 
also  a  factor  which  ought  not  to  be  entirely  disregarded.  We 
have  made  some  experiments  on  the  intra-thoracic  pressure  in 
vomiting :  these  were  performed  by  narcotizing  an  animal  with 
ether,  passing  the  arms  of  a  T-shaped  cannula  upwards  and  down- 


Chabt  a. — Retching  movements  of  cat,  showing  sustained  intra-tracheal 
pressure  of  12*5  mm.  mercury. 


CaAiLT  B. — Vomiting  movements  of  same,  showing  resistance  to  intra-tracheal 
pressure  yielding  at  z  to  31  mm.  mercury. 

wards  into  the  trachea,  the  cross-limb  of  which  was  connected 
with  a  manometer.  Sulphate  of  zinc  was  then  injected  into  the 
stomach,  and  the  action  of  the  anaesthetic  was  diminished 
to  the  same  point  as  in  surgical  operations  where  vomiting 
occurs  before  the  return  of  consciousness.  The  results  will  be 
seen  from  the  portions  of  the  curves  which  were  obtained  and 
which  we  here  append. 

The  middle  curve  was  merely  of  retching. 

The  secondary  waves  arise  from  mercurial  oscillation. 
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By  the  same  kind  of  experiment  it  waa  proved  that  vomiting 
was  still  possible  when  the  projecting  arm  of  the  T-cannula  was 
unconnected  with  the  manometer,  and  left  open,  but  in  this  case 
vomiting  occurred  with  much  greater  difficulty  than  when  the 
resistance  of  the  mercurial  column  was  brought  to  bear  in 
closing  the  trachea,  and  thus  permitting  the  cords  to  resist  the 
pressure  favourable  to  this  action. 

Conclusions. 

Our  experiments  completely  confirm  those  of  Dr.  Wyllie. 
The  ingress  of  air  into  the  glottis  is  prevented  by  approxima- 
tion of  the  true  vocal  cords,  but  these  have  very  little  power  to 
prevent  its  egress.  The  false  cords  or  ventricular  bands,  on  the 
contrary,  have  very  little  power  to  prevent  the  ingress  of  air 
into  the  lungs ;  but  when  the  edges  are  brought  together  they 
act  as  valves  and  offer  great  resistance  to  the  egress  of  air :  they 
are,  therefore,  to  be  regarded  as  the  chief  factors  in  the  closure 
of  the  glottis  during  exertion. 

Although  our  data  are  insufficient  to  enable  us  to  speak  with 
certainty,  so  far  as  they  go,  they  appear  to  show  that,  in  such 
animals  as  do  not  require  to  have  the  thorax  fixed,  ventricular 
bands  are  rudimentary  or  absent :  that  in  those  animals  where 
fixation  of  the  thorax  is  advantageous  for  giving  greater  precision 
or  force  to  the  movements  of  the  anterior  limbs  in  striking, 
climbing,  or  hugging,  the  ventricular  bands  are  well  developed. 
This  condition  is  seen  in  the  cat,  lion,  sloth,  bear,  ape,  and  man. 

Though  the  power  of  any  species  of  animal  to  vomit  is  not 
entirely  dependent  on  the  presence  of  the  false  cords,  yet  when 
present,  their  action  in  closing  the  glottis  is  an  important  factor 
in  the  act  of  vomiting. 

See,  for  description  of  larynges  referred  to,  the  following  authors, 
from  the  works  of  some  of  whom  we  have  translated  largely — 

Milne-Edvards,   Le^om    sur    la    Phydologie    et    VAnatomie 
ComparSe  de  F Homme  et  des  Animaux,  xii  pp.  422  ei  seq. 
Cuvier,  Anatomie  Comparee,  viii.  pp.  772  e^  seg, 
Woltf,  Dissertatio  Anatomica  de  Organo  Vocis  Mammalium, 
Herrisant,  Recherches  sur  lea  Organs  de  la  Voix. 
Cgdopcedla  of  AnaL  and  Phys,^  vol.  iv.  pt.  ii.,  "Voice." 
Turner,  "  Balasnoptera  Sibbaldii"  Trans.  Boy.  Soc  Ed.,  xxvl 
Watson  &  Young,  "  Anatomy  of  Northern  Beluga,"  Trans, 
Boy,  Soc,  Ed.y  vol.  xxix. 
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ORIGIN  OF  THE  INTERNAL  CIRCUMFLEX  FROM 
THE  DEEP  EPIGASTRIC  ARTERY.  By  Arthur 
Thomson,  M.B.,  Demonstrator  of  Anatomy,  University  of 
Edinburgh. 

My  attention  has  been  directed  this  winter  to  two  instances  of 
the  somewhat  rare  condition  in  which  the  internal  circumflex 
artery  of  the  thigh  takes  origin  from,  or  in  common  with,  the 
deep  epigastric  artery. 

These  examples  occurred  in  the  right  thighs  of  two  female 
subjects  dissected  in  the  University  rooms. 

Special  interest  attaches  to  this  abnormal  condition,  as  the 
irr^ular  arteries  have  a  more  or  less  intimate  relation  to  the 
femoral  canal ;  and  hence  might  be  endangered  in  the  operation 
for  the  relief  of  a  femoral  hernia. 

Under  these  circumstances  I  shall  first  proceed  to  describe  the 
origin,  course,  and  relations  of  the  irregularly-placed  arteries. 

In  the  first  of  the  two  examples  I  found  it  springing  from  a 
trunk  common  to  it  and  the  deep  epigastric.  This  trunk,  which 
took  origin  from  the  external  iliac,  about  one-third  of  an  inch 
above  Poupart's  ligament,  passed  transversely  inwards  for  about 
one  quarter  of  an  inch,  being  in  front  of,  and  across,  the  external 
iliac  vein.  It  then  divided  into  the  deep  epigastric,  and  an 
artery  which  took  the  place  of  the  internal  circumflex.  The 
latter,  curving  inwards  and  downwards,  pierced  the  femoral 
sheath  just  below  Poupart's  ligament,  in  this  part  of  its  course 
lying  internal  to  the  femoral  vein,  and  crossing  the  crural 
canal 

Besting  on  the  pectineus  muscle,  it  was  bound  down  to  the 
front  of  that  muscle  by  the  fascia  covering  it  In  this  position, 
where  it  lay  fully  one  inch  internal  to  the  common  femoral, 
it  gave  off  the  deep  external  pudic  branch. 

On  this  fact  I  lay  considerable  stress,  as  it  would  tend  to  fix 
the  artery,  and  so  prevent  a  femoral  hernia  passing  to  its  inner 
side  or  pushing  it  downwards  before  it. 

The  artery  then  curved  downwards    and    outwards,  lying 
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behind  the  femoral  vein  at  its  junction  with  the  internal 
saphenous,  and  passing  deeply  between  the  psoas  and  pectineus 
muscles. 

In  the  second  instance  a  common  trunk  was  seen  taking 


Explanation  of  Fiourb 

a.  Common  trunk  of  deep 

epigastric  and  internal 
circamflex  arteries. 

b.  Deep  epigastric  artery. 

c.  Intern^  circumflex  artery. 
(L  Deep  externa^  pudic  ar- 
tery. 

e.  Gimbemat*8  ligament 
/.  Internal  saphenous  vein. 
g.  External    circumflex   ar- 
tery. 


origin  from  the  external  iliac  about  a  quarter  of  an  inch  above 
Poupart's  ligament,  and  passing  inwards  across  the  vein.  This 
portion  of  the  trunk  had  a  curved  course,  the  convexity  of  the 
curve  being  upwards. 

At  a  point  corresponding  to  the  septum,  between  the  compart- 
ment for  the  vein  and  the  crural  canal,  the  artery  pierced  the 
sheath  and  split  into  the  deep  epigastric  and  internal  circumflex; 
the  latter  coursed  directly  downwards,  being  in  contact  with 
and  to  the  inner  side  of,  the  vein,  and  in  front  of  the  partition 
between  the  femoral  canal  and  compartment  for  the  vein. 

About  an  inch  and  a  quarter  below  Poupart's  ligament  it 
disappeared  behind  the  vein,  to  pass  deeply  between  the  psoas 
and  pectineus.  In  its  course  downwards  it  did  not  give  off  the 
deep  external  pudic ;  this  branch  being  observed  to  take  origin 
from  the  superiicial  femoral,  about  two  and  a  half  inches  below 
Poupart's  ligament. 

From  what  has  been  stated  above,  it  will  be  seen  that  the  two 
arteries  dififer  in  two  very  important  details. 

Tlie  first  specimen  was  found  lying  upon  the  pectineus,  being 
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1>ound  do¥m  to  the  surface  of  that  muscle  by  the  strong 
fascia  covering  it,  and  it  was  also  observed  to  give  off  the  deep 
external  pudia 

The  artery  in  the  second  specimen  did  not  reach  the  anterior 
surface  of  the  pectineus  until  it  lay  at  a  lower  level  than  the 
femoral  canal,  and  it  was  not  fixed  in  its  position  by  any 
branch. 

Thus  it  is  clear  that  whereas  the  former  passed  at  first  across, 
and  then  to  the  inner  side  of  the  crural  canal,  the  latter  lay 
altogether  external  to  the  canal 

By  these  relations  it  would  thus  appear  that,  had  a  femoral 
hernia  existed  in  the  former  condition,  the  artery  would  in  all 
probability  have  surrounded  the  neck  of  the  sac,  and  would  inevi- 
tably have  been  injured,  had  its  presence  not  been  ascertained 
during  the  progress  of  an  operation  for  the  relief  of  strangulation. 
That  this  latter  is  quite  possible  is  proved  by  the  case  recorded  by 
the  late  Professor  Spence  in  his  lectures  and  published  text-book, 
in  which  he  was  enabled  to  ascertain  the  presence  of  an  irregular 
obturator,  and  apply  a  ligature  round  the  artery  before  dividing 
it  Had  a  hernia,  on  the  other  hand,  existed  in  the  second 
example  which  I  quote,  the  artery  would  have  lain  to  the  outer 
side  of  the  sac  and  not  been  endangered. 

Here  it  may  be  well  to  draw  attention  to  the  similarity 
between  the  cases  of  irregular  obturators  springing  from  the 
deep  epigastric,  and  such  examples  as  these  herein  mentioned. 
Just  as  we  find  those  irregular  obturators  lying  at  times 
external  to,  at  other  times  encircling,  the  neck  of  the  sac,  so, 
were  a  hernia  to  occur  with  an  irregular  internal  circumflex 
artery,  the  artery  might  either  lie  to  the  iliac  or  to  the  pubic 
side  of  the  neck  of  the  sac,  and  I  hold  that  there  is  reason  for 
supposing  that  the  latter  (i.e,,  pubic)  variety  is  co-existent  with 
the  origin  of  the  deep  external  pudic  from  the  irregular  internal 
circumflex. 

In  other  respects  there  is  also  some  similarity  between  the 
two  conditiona  Thus  it  will  be  seen  that  the  origin  and  course 
of  an  irregular  circumflex  such  as  I  have  described  crossing  the 
crural  canal,  are  almost  identical  with  the  origin  and  course  of 
an  irregular  obturator  surrounding  the  neck  of  the  sac ;  that  is 
to  say,  they  correspond  in  position  until  they  reach  Gimbernat's 
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ligament  Here  the  latter  is  in  relation  to  the  upper  and  inner 
surface  of  the  ligament,  whereas  in  the  former  case  the  artery 
is  in  relation  to  its  inferior  and  external  surface;  hence  its 
presence  and  relation  to  Gimbemat's  ligament  would  be  much 
more  readily  recognised,  and  the  application  of  ligatures  to  it 
much  simpler. 

Several  instances  of  this  irregularity  have  been  recorded. 

Burns  ^  mentions  two  cases  in  which  the  internal  circumflex 
would  be  exposed  to  great  danger  in  the  operation  for  femoral 
hernia.  The  one  arising  from  the  external  iliac  he  describes  as 
running ''  along  the  front  of  the  lymphatic  sheath  " ;  the  other 
spmng  from  the  femoral,  a  little  below  the  crural  arch,  and 
"traversed  the  front  of  the  common  sheath  of  the  great  vein 
and  also  of  the  lymphatics." 

Dr.  John  Eeid  ^  also  cites  a  case  of  the  internal  circumflex 
artery  taking  origin  from  the  deep  epigastric,  but  observes  "  that 
the  artery  would  in  all  probability  have  lain  on  the  iliac  side  of 
the  neck  of  the  sac." 

Michelet '  records  an  internal  circumflex  iliac  coming  off  in 
common  with  the  deep  epigastric,  and  expresses  his  opinion  that 
had  a  hernia  descended  it  would  have  pushed  the  artery  to  the 
pubic  side  of  the  neck  of  the  sac. 

Quain  illustrates  two  instances  of  irregular  origin  of  the 
internal  circumflex  from  the  epigastric.  In  6g.  3,  plate  74, 
the  artery  curves  over  the  femoral  vein.  In  fig.  4  of  the  same 
plate  the  internal  circumflex  rises  in  common  with  the  obturator 
and  deep  epigastric,  and  passing  round  the  femoral  vein,  reaches 
its  destination.  In  fig.  1  (same  plate)  we  also  see  an  internal 
circumflex  artery  taking  origin  in  common  with  the  deep 
epigastric,  and  here  it  passes  backwards  between  the  femoral 
artery  and  vein. 

He  only  found  this  arrangement,  viz.,  springing  from  epigas- 
tric, in  one  of  391  cases. 

But  he  seems  to  be  of  opinion  that  in  none  of  these  conditions 
would  the  artery  be  endangered  in  a  case  of  femoral  hernia. 

*  "  Observations  on  parts  concerned  on  Crural  Hernia,"  Edin,  Med.  and  Surg. 
Jour.,  vol.  ii 

*  "Anatomical  Observationa,"  Sdin.  Med.  and  Surg.  Jour.,  voL  xlvi  p.  69. 
»  These,  inaug.  1837,  quoted  from  Dr.  Reid's  pai)er. 
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Wood^  famishes  an  instaDce  of  high  origin  of  this  artery 
from  the  common  femoral,  in  which  it  crossed  the  femoral  vein 
within  the  sheath,  and  then  lay  to  the  outer  side  of  and  below 
the  lymphatic  compartment 

In  another  subject  (female)  he  found  the  deep  epigastric, 
internal  circumflex,  and  obturator  branches  arising  by  a  common 
trunk  from  the  common  femoral  just  at  its  commencement.  He 
describes  them  as  follows : — 

"This  (the  common  trunk)  crosses  in  front  of  the  femoral 
vein  just  below  Poupart's  ligament  The  abnormal  circumflex 
and  obturator  will  be  seen  both  to  hug  closely  the  femoral  vein 
on  its  inner  side,  and  would  necessarily  be  placed  on  the  outer 
side  of  a  crural  rupture." 

This  case  will  be  seen  to  differ  from  that  which  I  have 
described,  as  here  the  artery  takes  origin  from  the  common 
femoral,  whilst  that  mentioned  by  me  took  origin  from  the 
external  iliac,  and  passed  inwards. 

From  the  two  cases  I  have  recorded,  taken  in  conjunction 
with  those  instances  which  I  have  quoted,  it  appears  that  when 
an  irregular  internal  circumflex  artery  takes  origin  from  or  in 
common  with  the  deep  epigastric  artery,  it  may  have  one  or 
other  of  the  following  relations  to  the  femoral  canal : — 

1.  It  may  cross  the  crural  canal,  and  the  artery  would  in 
this  position  surround  the  neck  of  the  sac  were  a  hernia  to  exist 
This  variety  I  consider  only  exists  when  the  artery,  as  it  lies  in 
front  of  the  pectineus,  is  fixed  in  position  both  by  the  fascia 
covering  that  muscle  and  by  the  deep  external  pudic  artery  there 
taking  origin  from  it,  these  two  circumstances  preventing  the 
displacement  of  the  artery  downwards  or  outwards. 

2.  The  artery  may  lie  either  in  front  of  the  lymphatic 
sheath  or  altogether  external  to  it ;  here  the  artery  either  passes 
deeply  to  the  inner  side  of  the  vein  below  the  level  of  the  crural 
canal,  or  else  dips  backward  between  the  artery  and  vein.  In 
this  condition  the  artery  is  freely  movable,  and  would  readily 
be  pushed  aside  by  a  hernia  being  placed  to  the  outer  and 
posterior  aspect  of  the  sac. 

1  Wood  on  JtupturCf  p.  195. 
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CERVICAL  RIBS,  AND  THE  SO-CALLED  BICIPITAL 
EIBS  IN  MAN,  IN  RELATION  TO  CORRESPOND- 
ING STRUCTURES  IN  THE  CETACEA  By  Pbo- 
FESSOR  Wbl  Tubner,  M.B.,  F.RS. 

In  the  earlier  volumes  of  this  Journal  I  gave  an  account  of 
some  specimens  of  cervical  ribs,^  and  of  specimens  of  ribs  with 
two  heads  ^  which  I  had  examined.  As  during  the  past  year 
two  subjects  were  brought  into  my  dissecting  rooms  in  which 
cervical  ribs  were  present,  and  other  two  in  which  certain  of  the 
ribs  were  cleft  at  their  vertebral  ends,  I  have  been  led  to  look 
anew  into  these  peculiarities  of  structure  as  they  present  them- 
selves in  Man  and  in  the  Cetacea. 

Cervical  Ribs. 

Case  A, — ^Adult  man  with  a  pair  of  cervical  ribs.  On  the  left  side 
the  cervical  rib  had  a  head,  neck,  tubercle,  and  rudimentary  shaft 
The  head  articulated  by  a  movable  joint,  which  had  a  strong  costo- 
central  ligament  with  the  upper  side  of  the  body  of  the  7th  cer- 
vical vertebra,  and  by  its  tubercle  with  the  transverse  process  of  the 
same  vertebra.  The  shaft  was  a  curved  slender  bar  of  bone  1*4  inch 
long.  It  terminated  anteriorly  in  a  point,  from  which  a  fibrous  band 
passed  forward  to  join  a  cartilage  0*6  inch  long,  which  fused  with  the 
cartilage  of  the  Ist  thoracic  rib  immediately  below  the  right  sterno- 
clavicular joint  The  scalenus  anticus  was  attached  partly  to  the 
fibrous  band  and  partly  to  the  bony  shaft  of  the  cervical  rib  close  to 
its  termination.  The  subclavian  artery  and  the  lowest  cord  of  the 
brachial  plexus  rested  in  a  groove  on  the  upper  surface  of  the  rudi- 
mentary shaft  immediately  behind  the  scalenus  anticus.  This  artery 
was  elevated  above  its  usual  position,  but  the  anterior  end  of  the 
cervical  rib  did  not  make  any  special  projection  in  this  region.  The 
scalenus  medius  was  attached  partly  to  the  rudimentary  shaft  behind 
the  subclavian  artery,  and  partly  to  the  Ist  thoracic  rib.  The  tendon 
of  the  subclavius  arose  partly  from  the  sternal  cartilage  of  the  cervical 
rib,  and  partly  from  that  of  the  Ist  thoracic  rib.  The  space  between 
the  different  elements  of  the  cervical  costal  arch  and  the  1st  thoracic 
rib  was  occupied  by  two  planes  of  muscle,  an  internal  and  an  external 
intercostal  muscle.  The  upper  border  of  the  external  intercostal  ended 
in  a  line  with  the  anterior  end  of  the  bony  shaft  of  the  cervical  rib. 

*  "On  Sapernamerary  Cervical  Ribs,"  vol.  iv.,  Nov.  1869. 

s  «  The  80-caUed  Bicipital  Ribs  in  Whales  and  in  Man,"  vol.  v.,  May  1871. 
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but  the  internal  interooetal  was  prolonged  inwards  olose  up  to  the 
sternum.  The  vertebral  artery  ascended  in  front  of  the  neck  of  the 
cervical  rib  to  enter  the  foramen  at  the  root  of  the  6th  cervical  trans- 
verse process.  The  art  profunda  cervicis  passed  back  between  the 
necks  of  the  cervical  and  1st  thoracic  rib& 

On  the  right  side  the  cervical  rib  had  a  head,  neck,  and  tubercle, 
with  corresponding  attachments  to  those  seen  on  the  opposite  side. 
The  shaft  was  slender,  and  extended  only  0*9  inch  beyond  the  tubercle. 
It  ended  externally  in  a  point,  from  which  a  fibrous  band  passed 
obliquely  forwards  to  be  attached  to  the  upper  surface  of  the  1st 
thoracic  rib  behind  the  insertion  of  the  scalenus  anticus,  which  muscle 
was  inserted  into  that  nb  only,  and  not  into  the  cervical  rib.  The 
right  cervical  rib  had  therefore  no  connection  with  the  manubrium. 
The  subclavian  artery  and  lowest  cord  of  the  brachial  plexus  rested  on 
the  end  of  the  bony  shaft  of  the  cervical  rib,  so  that  they  were  both 
elevated  above  their  usual  position.  The  scalenus  medius  was  attached 
partly  to  the  rudimentary  shaft,  but  chiefly  to  the  1st  thoracic  rib. 
The  interval  between  the  rudimentary  cervical  rib  and  the  1st  thoracic 
rib  was  occupied  by  a  pair  of  intercostal  muscles,  the  internal  of  which 
passed  as  far  as  the  fibrous  band  which  connected  the  cervical  rib 
to  the  1st  thoracic.  The  vertebral  and  deep  cervical  arteries  had 
similar  relations  to  the  cervical  rib  as  on  the  left  side.  There  were 
twelve  pairs  of  thoracic  ribs.  The  left  12th  rib  was  1*4  inch  long,  the 
right  2'8  inche& 

In  this  subject  the  right  subclavian  artery  arose  as  the  last  branch  of 
the  transverse  part  of  the  arch  of  a  left  aorta,  and  passed  from  left  to  right 
behind  both  trachea  and  oesophagus  and  in  front  of  the  spine,  in  order 
to  reach  the  root  of  the  neck  on  the  right  side.  This  variation  in  the 
origin  of  the  right  subclavian  is  not  uncommon.  Another  case  occurred 
in  the  practical  rooms  during  the  same  session,  and  one  in  the  previous 
session,  whilst  many  cases  have  on  previous  occasions  come  under  my 
notice. 

Case  B, — Old  woman  with  a  pair  of  cervical  ribs.  On  the  right 
side  the  rib  had  a  head,  neck,  tubercle,  and  rudimentary  shaft 
The  head  articulated  by  a  movable  joint  with  the  upper  part  of  the 
aide  of  the  body  of  the  7th  cervical  vertebra,  and  by  its  tubercle 
with  the  transverse  process  of  the  same  vertebra.  The  shaft  was  1  '4 
inch  long  and  0*3  inch  broad  near  the  tubercle,  but  then  became 
styloid  in  shape,  and  its  pointed  anterior  end  was  connected  by  a 
strong  fibrous  band  to  the  1st  thoracic  rib,  where  the  cartilage  and 
bone  became  continuous  with  each  other.  The  Ist  rib  was  broadened 
out  at  this  spot  to  1-4  inch.  Its  costal  cartilage  was  attached  in  the 
usual  way  to  the  side  of  the  manubrium.  A  pair  of  intercostal  muscles 
occupied  the  interval  between  the  cervical  costal  arch  and  that  of  the 
1st  thoracic  rib.  The  scalenus  anticus  was  attached  to  the  fibrous 
band.  The  subclavian  artery  rested  in  a  groove  on  the  styloid  part  of 
the  cervical  rib.  The  scalenus  medius  and  posticus  were  not  well  differ- 
entiated from  each  other,  but  a  part  of  their  common  tendon  was  inserted 
into  the  shaft  of  the  cervical  rib  behind  the  subclavian  artery,  whilst 
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another  and  larger  part  descended  to  the  upper  border  of  the  Ist 
thoracic  rib.  The  lowest  cord  of  the  brachial  plexus  rested  in  a  groove 
on  the  posterior  part  of  the  shaft  of  the  cervical  rib.  The  subclavian 
vein  was  in  front  of  the  tendon  of  the  anticus,  and  rested  on  the 
fibrous  band. 

On  the  left  side  the  cervical  rib  had  similar  articulations  to  the 
spine  as  on  the  right  sida  The  bony  shaft  was  1*2  inch  long,  and 
was  not  so  attenuated  as  the  right.  Its  anterior  end  was  pointed,  and 
joined  a  fibrous  band,  which  ended  in  a  costal  cartilage  that  was 
parallel  to  and  immediately  above  the  cartilage  of  the  1st  thoracic  rib, 
with  which  it  blended  prior  to  the  attachment  of  that  cartilage  to  the 
side  of  the  manubrium.  The  greatest  breadth  of  the  1st  thoracic  rib 
was  0*9  incL  The  scalenus  anticus  was  inserted  into  the  fibrous  band, 
and  the  medius  into  the  bony  shaft  of  the  cervical  rib  and  the  1st 
thoracic  rib.  A  pair  of  intercostal  muscles  occupied  the  interval 
between  the  cervic^  and  Ist  thoracic  costal  arches.  The  lower  cord  of 
the  brachial  plexus  rested  in  a  groove  on  the  shaft  of  the  cervical  rib; 
hoil\  the  subclavian  artery  and  vein  rested  on  the  fibrous  band — the 
one  behind,  the  other  in  front  of  the  scalenus  anticus. 

The  vertebral  artery  on  each  side  entered  the  foramen  in  the  root 
of  the  6th  cervical  transverse  process,  and  the  deep  cervical  artery 
passed  backwards  between  the  neck  of  the  cervical  and  that  of  the  1st 
thoracic  rib. 

The  spine  of  this  old  woman  was  greatly  curved ;  the  ribs  were  dis- 
torted, the  pelvis  was  contracted,  and  the  bones  softened  from  moUi- 
ties  ossium.  There  were  twelve  pairs  of  thoracic  ribs.  The  twelfth 
right  was  1|  inch  long ;  the  twelfth  left,  2^  inches. 

These  two  cases  of  cervical  ribs  illustrate  the  higher  grades  of 
development  of  a  costal  arch  belonging  to  the  7th  cervical 
vertebra.  For,  although  in  neither  is  the  arch  complete  in  bone 
and  cartilage,  yet  on  the  left  side  of  k  and  on  the  right  side  of 
B  the  rudimentary  bony  shaft  is  continued  into  a  costal  cartilage 
by  an  intermediate  fibrous  band.  On  the  opposite  side  of  each 
specimen  the  costal  cartilage  is  not  so  complete,  for  the  fibrous 
band  ended  in  the  shaft  of  the  1st  thoracic  rib,  although  in  B 
this  junction  took  place  close  up  to  the  costal  cartilage.  Had 
these  specimens  not  been  examined  in  the  recent  state  with  the 
soft  parts  in  position,  but  after  maceration  had  destroyed  all 
but  the  bony  structure,  then  they  would  have  appeared  as  if  the 
rudimentary  bony  shaft  of  the  cervical  rib  had  terminated  in  a 
free-pointed  end.  It  is  not  unlikely  that  in  various  of  the  cases 
described  by  different  anatomists,  from  the  examination  of  the 
skeleton  only,  as  cervical  ribs  terminating  in  a  free  end,  the  rib 
may  have  been  prolonged  forwards  through  a  fibrous  band  similar 
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to  what  I  saw  in  my  specimens,  either  to  the  shaft  of  the  1st 
thoracic  rib  or  even  to  a  costal  cartilage.  This  was  probably 
the  case  in  the  specimen  which  htts  just  been  described  (fig.  2), 
by  Dr.  F.  J.  Shepherd  of  Montreal  in  a  skeleton  in  the 
Museum  of  the  M'Gill  University.^  It  is  unnecessary  that  I 
should  comment  further  on  the  varieties  and  mode  of  origin  of 
cervical  ribs,  as  these  have  been  elsewhere  amply  discussed  by 
Hunauld,  Knox,  Luschka,  Gruber,  Struthers,  and  myself.  I 
may,  however,  take  this  opportunity  of  re-directing  attention,  as 
indeed  Dr.  Knox  had  previously  done,  to  M.  Hunauld's  essay,* 
in  which  the  origin  of  the  anterior  division  of  the  transverse 
process  of  the  7th  cervical  vertebra  from  a  distinct  centre  of 
ossification  is  both  described  and  figured,  and  it  is  stated  that 
when  this  process  increttses  in  size  and  does  not  unite  with  the 
vertebra,  then  a  cervical  rib  is  formed.  It  is  to  M.  Hunauld, 
therefore,  and  not  to  his  countryman  M.  B^clard,  that  the  merit 
of  having  fiirst  made  this  important  observation  should  be  as- 
cribed. 

Bicipital  Eibs  in  Man. 

This  anatomical  peculiarity  is  not  due  to  a  bifurcation  of  the 
shaft  of  a  single  rib  at  its  vertebral  end  into  two  heads,  but  to 
the  fusion  of  what  ought  to  have  been  the  shafts  of  two  distinct 
ribs  into  a  common  body,  and  it  invariably  occurs  at  the  apex  of 
the  thorax.  Although  I  have  long  been  familiar  with  specimens 
of  this  kind  in  the  Anatomical  Museum  of  the  University  of 
Edinburgh,  the  cases  which  I  am  now  about  to  describe  are  the 
first  that  I  have  seen  in  the  subject  itself  in  the  course  of 
nearly  thirty  years'  experience  as  a  teacher  of  anatomy,  and  it  is 
remarkable  that  they  should  both  have  occurred  within  a  few 
months  of  each  other. 

Case  1. — Adult  male.  The  vertebral  formula  was  normal  No 
special  anatomical  arrangement  in  the  cervical  or  lumbar  yertebrsB  had 
to  be  noted. 

On  the  right  side  the  head  of  the  let  rib  articulated  with  the 
lower  margin  of  the  side  of  the  body  of  the  7th  cervical  vertebra  with 

^  American  Journal  of  the  Medical  Sciences^  January  1883.  I  am  indebted  to 
Dr.  Shepherd  for  a  separate  copy  of  his  essay  on  "  Cerrical  Ribs." 

'  Mhnoires  de  V Academic  Royale  des  Paris,  1740,  p.  525,  12mo,  Amsterdam, 
1744. 
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the  Ist  dorsal  vertebra  and  the  intermediate  fibro-cartilage.  Its 
tubercle  articulated  with  the  transverse  process  of  the  1st  dorsal,  and 
its  shaft  fused  with  that  of  the  2nd  rib  immediately  external  to  the 
tubercle,  and  0*8  inch  from  the  side  of  the  body  of  the  1st  dorsaL 
The  head  and  tubercle  of  the  2nd  rib  had  the  usual  articulations. 

A  groove  on  the  outer  surface  of  the  body  common  to  the  1st  and 
2nd  ribs  marked  their  line  of  fusion.  This  common  body  attained  a 
maximum  width  of  1  *2  inch,  and  the  direction  of  its  surface  was  not 
horizontal  but  oblique.  On  the  outer  surface  was  a  roughness  for  the 
origin  of  the  serratus  magnus.  It  bifurcated  anteriorly  3^  inch  in 
front  of  the  tubercles  of  the  ribs.  The  lower  branch,  which  was  0-7 
inch  wide,  passed  forwards  as  the  shaft  of  the  2nd  rib,  and  ended  in 
a  costal  cartilage,  which  articulated  with  the  side  of  the  sternum  at 
the  junction  of  the  manubrium  and  body.  The  upper  branch  was  a 
triangular  plate  of  bone  0*8  inch  long,  the  apex  of  which  was  directed 


Fio.  1.  Right  side  of  neck,  displaying  relation  of  soft  parts  to  the  unusually 
formed  rib.  b.  The  commou  body ;  s,  the  anterior  part  of  the  shaft  of  the 
second  rib  ;  /,  points  to  the  fibrous  band  of  the  first  rib. 

forwarda  This  plate  represented  the  bony  shaft  of  the  Ist  thoracic 
rib,  and  from  it  a  fibrous  band  passed  forwards,  as  a  continuation  of 
that  shaft,  to  join  the  attenuated  outer  end  of  the  1st  costal  cartilage, 
which  was  articulated  to  the  manubrium  immediately  below  the  sterno- 
clavicular joint 

The  subclavian  artery  rested  on  the  triangular  bony  plate  of  the  1st 
rib,  which  formed  the  upper  bifurcation  of  the  common  shaft.  The 
Bcdenus  anticus  was  split  in  two  near  its  insertion,  and  the  subclavian 
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arteiy  passed  through  the  cleft  The  part  of  the  muscle  in  front  of 
the  artery  was  inserted  into  the  fihrous  hand ;  the  part  hehind  into 
the  upper  border  of  the  triangular  bony  plate.  The  scalenus  medius 
was  inserted  into  the  common  shaft ;  the  cords  of  the  brachial  plexus 
emerged  between  the  anticus  and  medius,  und  the  lowest  cord  rested 
in  a  groove  on  the  upper  surface  of  the  common  shaft.  The  scalenus 
posticus  was  inserted  into  the  common  shaft  behind  the  medius.  The 
subclavian  vein  rested  partly  on  the  tendon  of  the  scalenus  anticus  in 
front  of  the  artery,  and  partly  on  the  fibrous  band.  The  apex  of 
tiie  pleural  sac  and  of  the  lung  ascended  into  the  neck,  under  cover  of 
tlie  scalenus  anticus,  for  at  least  one  inch  above  the  upper  surface  of 
the  subclavian  artery.  The  1st  dorsal  nerve  occupied  the  short  cleft 
between  the  necks  of  the  two  ribs  prior  to  their  fusion.  The  superior 
intercostal  artery  descended  in  front  of  their  necks  as  far  as  the  space 
between  the  2nd  and  drd  ribs.  The  vertebral  artery  ascended  to 
enter  the  vertebrarterial  foramen  in  the  6th  cervical  vertebra.  The 
subclavian  muscle  arose  from  the  cartilage  of  the  let  rib.  The  space 
immediately  below  this  cartilage  and  the  fibrous  band  was  occupied 
by  a  plane  of  muscular  fibro,  which  represented  an  internal  intercostal 
muscle. 

On  the  left  side  the  head  of  the  Ist  rib  articulated  with  the  side  of 
the  body  of  the  1st  dorsal  vertebra,  and  with  the  disc  between  it  and 
tiie  7th  cervical  The  articulations  of  its  tubercle  and  of  the  head 
and  tubercle  of  the  2nd  rib  were  normal.  The  shafts  of  these  two  ribs 
fused  with  each  other  immediately  beyond  their  tubercles.  The 
greatest  breadth  of  the  common  body  was  1*1  inch ;  its  surfaces  were 
directed  obliquely,  and  a  roughness  on  the  outer  surface  marked  the 
attachment  of  the  serratus  magnus.  This  body  did  not  bifurcate 
anteriorly,  but  diminishing  in  breadth  in  front  of  the  origin  of  the 
fibrous  band  to  0*8  inch,  it  ended  in  front  m  a  costal  cartilage,  which 
was  jointed  with  the  sternum  at  the  junction  of  the  manubrium  and 
meso-6temum.  Springing  directly  from  the  inner  border  of  the 
common  body,  a  little  in  front  of  the  insertion  of  the  scalenus  medius, 
was  a  fibrous  band,  which  passed  inwards  to  join  the  attenuated  outer 
end  of  the  1st  costal  cartilage,  which  had  a  similar  attachment  to  the 
sternum  as  on  the  right  side.  Both  the  right  and  left  blended  ribs 
measured  8  inches  from  the  head  of  the  2nd  rib  along  the  convex 
border  of  the  common  body  to  the  articulation  with  the  costal  cartilage. 

The  scalenus  anticus  was  cleft  at  its  insertion  into  the  fibrous  band, 
and  the  subclavian  artery  passed  through  the  cleft  The  subclavian 
vein  rested  on  the  anterior  division  of  the  tendon.  The  scalenus 
medius  and  posticus  and  the  cords  of  the  brachial  plexus  corresponded 
with  those  on  the  right  side,  and  the  general  arrangement  of  the 
pleural  sac,  the  superior  intercostal  artery,  and  the  Ist  dorsal  nerve 
was  very  similar.  The  interval  between  the  fibrous  band  and  the  2nd 
lib  was  the  1st  intercostal  space,  and  the  plane  of  muscular  fibres 
which  occupied  it  passed  upwards  and  inwards,  and  represented  the 
internal  intercostal  muscle.  The  subclavius  arose  fi*om  the  place  of 
junction  of  the  fibrous  band  with  its  costal  cartilaga  The  vertebral 
artery  entered  the  foramen  in  the  7th  cervical  vertebra. 
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The  other  ribs  were  normal.  The  12th  pair  of  ribs  were  each  about 
4  inches  long.  The  manubrium  stemi  was  transversely  elongated,  on 
a  level  with  the  first  pair  of  costal  cartilages  to  a  breadth  of  3*6  inches. 
Its  great  breadth  was  obviously  due  to  an  extension  of  the  ossification 
into  these  cartilages,  so  that  only  a  small  portion,  with  which  on  each 
side  the  fibrous  band  was  continuous,  remained  in  the  cartilaginous 
state. 

Case  2. — Middle-aged  man.  The  vertebral  column  had  the  usual 
formula  C7DJ2L.S  Coc.  On  the  left  side  tlie  shaft  of  the  1st  thoracic 
rib  was  blended  with  that  of  the  2nd  rib,  so  that  the  common  shaft 
formed  by  their  junction  was  bicipital  Each  of  the  two  heads  pos- 
sessed an  elongated  neck,  a  tubercle,  and  the  beginniDg  of  a  shafts  and 
the  two  shafts  fused  with  each  other  0*8  inch  to  the  outer  side  of  the 
tubercle  of  the  rib,  and  1^  inch  to  the  outer  side  of  the  body  of  the 
1st  dorsal  vertebra.  The  upper  head  articulated  with  a  shallow  fossa 
on  the  upper  half  of  the  side  of  the  body  of  the  1st  dorsal  vertebra 
immediately  above  its  middle ;  whilst  the  lower  head  articulated  with 
the  side  of  the  same  vertebra  near  its  lower  border,  and  with  the  upper 


Fio.  2.  VI.  VII.  The  sixth  and  seventh  cervical  vertebra ;  i.  11.  the  first  and 
second  dorsal  vertebrse.  I  have  not  thought  it  necessary  to  represent  any 
more  vertebrae. 

half  of  the  side  of  the  body  of  the  2nd  dorsal  vertebra,  which  are  the 
normal  articulations  of  the  1st  and  2nd  thoracic  ribs.  A  cleft,  0*2  inch, 
in  vertical  diameter  and  1^  inch  long,  separated  the  1st  and  2nd  ribs 
from  each  other  at  their  vertebral  ends. 

The  breadth  of  the  shaft  of  the  1st  rib,  immediately  before  the 
fusion,  was  \  inch,  and  that  of  the  second  was  0*7  inch.  After  the 
fusion  the  common  body  assumed  a  breadth  at  Its  widest  part  of  1  *d 
inch.  A  faint  groove  on  the  upper  surface  of  the  conjoined  shafts 
indicated  their  Une  of  fusion  with  each  other,  and  on  the  inner  border 


Digitized  by 


Google 


CERVICAL  RIBS  AND  SO-CALLED  BICIPITAL  RIBS  IN  MAN.   391 

2*2  inches  anterior  to  the  place  of  fusion,  a  rough  edge  marked  where 
the  1st  thoracic  rib  ceased  to  take  any  part  in  the  formation  of  the 
common  shaft.  From  this  spot  a  fibrous  band  arose  and  arched 
inwards  to  join  an  oeseo-cartilaginous  bar  1*1  inch  in  length,  which 
represented  the  Ist  costal  cartilage.  This  structure  was  attached  to 
the  side  of  the  mauubrium  immediately  below  the  articular  surface 
for  the  clavicle,  and  its  sternal  attachment  was  0*8  inch  in  depth. 
A  plate  of  bone  formed  two-thirds  of  its  surface,  the  rest  being 
cartilage;  and  its  outer  end,  which  was  attenuated  and  continuous 
with  the  fibrous  band,  was  quite  ossified.  The  part  of  the  costal  arch 
in  front  of  the  place  of  origin  of  the  fibrous  band  had  a  maximum 
width  of  0*9  inch,  and  belonged  entirely  to  the  2nd  rib ;  it  ended 
anteriorly  in  a  costal  cartUage,  which  was  articulated  to  the  side  of  the 
sternum  at  the  junction  of  the  manubrium  with  the  body  of  the 
sternum. 

The  fibrous  band  represented  the  more  anterior  part  of  the  1st  rib 
unossified  ;  and  the  interval  between  it  and  the  ossified  costal  cartilage 
in  which  it  terminated  on  the  one  hand,  and  the  shaft  of  the  2nd  rib 
and  its  cartilage  on  the  other,  was  the  representative  of  the  1st  inter- 
costal space.  This  space  was  occupied  by  membrane.  The  direction 
of  the  surfaces  of  the  conjoined  shafts  was  oblique,  and  the  outer 
surface  had  a  roughness  for  the  serratus  magnu&  The  length  of  the 
costal  arch,  measured  from  the  head  of  the  1st  rib  along  the  convexity 
of  the  curve  to  the  place  of  origin  of  the  fibrous  band,  was  4J  inches, 
and  from  the  head  of  the  2nd  rib  to  the  junction  with  the  costal 
cartUage  the  curve  was  8J  inches. 

The  brachial  nerves  rested  in  a  groove  on  the  inner  border  and 
upper  surface  of  the  shaft  of  the  conjoined  ribs.  The  subclavian 
vessels  rested  on  the  fibrous  band  of  the  1st  rib.  The  scalenus 
anticus  was  attached  to  the  fibrous  band. 

The  ribs  on  the  right  side  were  normal  in  number  and  arrangement. 
The  1st  right  rib  was  5f  inches  long  from  head  along  convex  outer 
border  to  attachment  of  costal  cartilage.  The  12th  right  rib  was  3 
inches  long,  the  12th  left  3^  inches.  The  costal  cartilage,  both  on 
the  right  and  left  sides,  had  irregular  osseous  plates  developed  on  their 
surfaces ;  this  was  more  especially  the  case  with  the  1st  right  costal 
cartilage,  which  had  an  almost  complete  bony  envelope.  No  special 
anatomical  peculiarity  required  to  be  noted  in  the  cervical  or  lumbar 
region. 

Case  3. — During  the  time  that  I  was  engaged  in  working  out  cases 
1  and  2,  one  of  my  pupils,  Mr.  Minas  S.  P.  Aganoor  of  Ispahan, 
brought  to  me  the  right  ribs  of  a  skeleton  which  he  had  procured  at 
Calcutta  some  time  previously.  The  first  of  these  ribs  possessed  two 
heads,  necks,  and  tubercles,  and  0*7  inch  external  to  the  tubercles  the 
two  shafts  were  fused  together  into  a  common  body,  and  before  fusing 
they  were  separated  by  a  cleft  0*2  inch  in  width.  The  length  of  the 
tipper  division  of  the  rib  from  head  to  tubercle  was  0*8  inch,  that  of 
the  lower  07.  The  neck  of  the  lower  division  was  more  attenuated 
than  that  of  the  upper.     The  line  of  fusion  of  the  two  shafts  was 
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marked  on  the  upper  surface  of  the  common  body  by  a  shallow  groove, 
and  the  direction  of  the  surfaces  was  almost  horizontal.  The  greatest 
width  of  this  body  was  0*9  inch.  Its  upper  surface  had  two  grooves 
for  the  subclavian  artery  and  vein,  and  between  them  was  the  pointed 
process  for  the  attachment  of  the  scalenus  anticus.     The  body  did  not 


Fig.  3.  Bicipital  rib  ou  right  side  of  Case  3 

diminish  in  breadth  up  to  its  sternal  end;  it  did  not  bifurcate,  but 
ended  abruptly  in  the  articular  surface  for  the  costal  cartilage.  This 
rib  measured  5*8  inches  from  the  lower  of  the  two  heads,  along  the 
convex  margin  of  the  rib  to  the  sternal  end,  and  the  chord  of  the  arc 
was  2*1  inchea 

The  rib  immediately  below  the  one  just  described  measured  8*7 
inches  from  head  to  sternal  end,  along  the  convexity  of  the  curve,  and 
the  chord  of  the  arc  was  3*8  inches.  It  had  the  characters  of  a  second 
rib,  both  as  regards  the  obliquity  of  its  surfaces,  its  length,  and  the 
presence  of  a  rough  ridge  on  the  shaft  for  the  origin  of  the  serratus 
magnua 

The  epiphyses  of  the  heads  of  the  ribs  were  not  fully  ossified,  but 
those  of  the  tubercles  were  ankylosed.  Unfortunately  the  other  bones 
of  the  axial  skeleton  were  not  in  Mr.  Aganoor's  possession.  From 
the  appearance  of  the  ribs  the  person  was  probably  neither  very  mus- 
cular nor  tall. 

Of  the  nature  of  the  anatomical  peculiarity  described  in  cases 
1  and  2  there  can  be  no  question.  That  these  subjects  departed 
from  the  normal  arrangement  in  the  upper  thoracic  region  was 
recognised  early  in  the  course  of  the  dissection,  so  that  the  soft 
parts  were  carefully  examined  as  the  dissection  proceeded,  and 
the  ribs,  sternum,  and  vertebrae  were  preserved.  They  are 
undoubtedly,  therefore,  cases  in  which  the  bicipital  character  of 
the  upper  rib  is  due  to  a  fusion  of  the  shafts  of  the  1st  and  2nd 
thoracic  ribs  a  short  distance  in  front  of  their  tubercles. 

Similar  precise  data  for  the  determination  of  the  nature  of  the 
peculiarity  in  case  3  were  not  at  my  disposal     I  had  only  the 
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right  ribs  for  examination,  and  could  obtain  no  information 
about  the  sternum,  vertebrae,  or  soft  parts.  From  the  characters 
of  the  ribs,  however,  I  think  it  possible  to  arrive  at  a  satisfactory 
conclusion  respecting  the  nature  of  the  bicipital  rib  in  this  case 
also. 

Case  3  agrees  with  1  and  2  in  having  two  heads,  necks,  and 
tubercles,  and  in  the  shafts  being  fused  into  a  common  body  a 
little  bejrond  the  tubercles,  so  that  at  first  sight  it  might  be 
thought  to  have  been  also  formed  by  a  blending  of  the  upper  two 
thoracic  ribs.  But  a  closer  comparison  of  the  specimens  will 
show  that  in  other  respects  there  are  considerable  differences 
between  them.  In  case  3  the  direction  of  the  surfaces  of  the 
common  body  is  almost  horizontal,  whilst  in  2  and  3  they  have 
considerable  obliquity.  In  ease  3  the  common  body  does  not 
bifurcate  anteriorly  as  on  the  right  side  of  case  1,  neither  is  there 
any  rough  edge  on  its  inner  border,  as  in  case  2,  from  which  a 
fibrous  band  representing  the  anterior  part  of  the  costal  arch 
could  have  proceeded.  In  case  3,  also,  the  common  body  does 
not  diminish  in  breadth  up  to  its  truncated  extremity  where  it 
joins  the  costal  cartilage,  whilst  in  both  1  and  2  the  osseous  part 
of  the  costal  arch  undergoes  a  sensible  diminution  in  breadth 
prior  to  t.he  junction. 

But  what  is  even  more  important,  the  length  of  the  costal 
arch  of  the  bicipital  rib  is  in  case  3  more  than  2  inches  shorter 
than  in  either  1  or  2.  To  understand  the  significance  of  this 
difference  it  is  necessary  to  bear  in  mind  that  the  arch  of  the 
normal  Ist  thoracic  rib  has  a  much  less  span  than  that  of  the 
2nd.  From  measurements  made  in  various  skeletons,  from  the 
head  of  the  rib  to  the  sternal  end,  I  find  that  the  length  of  the 
1st  rib,  measured  along  its  convex  edge,  varied  between  4f  and 
6  inches,  the  average  being  5^  inches,  whilst  the  length  of  the 
second  rib,  measured  in  the  same  way,  varied  from  8^  to  9^ 
inches,  the  average  being  8f  inches.  Now,  as  the  costal  arch 
of  the  bicipital  rib  in  case  3  was  only  5*8  inches,  whilst  in 
cases  2  and  3  it  measured  8  inches  and  upwards  it  is  clear 
that  in  3  it  approximated  in  its  dimensions  to  the  Ist  thoracic 
rib,  and  in  1  and  2  to  the  2nd  thoracic  rib.  Moreover,  in 
case  3  the  rib  which  immediately  succeeded  the  bicipital  rib 
bad  the  length,  obliquity  of  surface,  and  muscular  markings 
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of  a  2ad  rib.  The  conclusion,  therefore,  to  which  I  have 
come  of  the  nature  of  case  3  is  this,  that  the  lower  head, 
neck,  tubercle,  and  corresponding  part  of  the  common  body  are 
the  1st  thoracic  rib ;  whilst  the  upper  head,  neck,  tubercle,  and 
part  of  the  common  body  belonging  to  them  are  a  cervical  rib, 
the  shaft  of  which  has  fused  with  the  shaft  of  the  Ist  thoracic 
rib. 

The  study  of  these  cases  has  led  me  to  re-examine  the  litera- 
ture of  bicipital  ribs,  and  to  reconsider  the  opinions  expressed 
by  other  anatomists  on  their  nature,  and  by  myself  in  the  paper 
"  On  the  So-called  Two-headed  Eibs  "  already  referred  to. 

The  first  case  to  be  recorded  was  communicated  in  1740  to 
the  Boyal  Academy  of  Sciences  in  Paris  by  M.  Hnnauld.^  He 
figured  the  bodies  of  two  vertebrae  with  the  right  ribs  attached 
to  them,  and  stated  that  be  had  in  his  possession — 

''The  skeleton  of  an  adult  in  which  the  let  rib  on  each  side,  well 
formed  posteriorly  and  articulated  with  the  Ist  dorsal  vertebra,  joins 
and  fuses  with  the  2nd  rib,  which  by  this  union  becomes  larger  than 
usuaL" 

Sandifort  has  also  figured^  from  the  Museum  at  Leyden 
the  first  right  rib  of  an  adult  man  "  quae  duo  plane  distincta 
capita  habet."  Like  Hunauld's  specimen  it  closely  corresponded 
in  the  place  of  fusion  with  my  cases ;  it  diminished  in  breadth 
towards  its  sternal  end,  and  the  spot  where  the  fibrous  band  had 
probably  been  attached  was  marked  by  a  short  process. 

Dr.  Eobert  Knox,  in  an  important  memoir  on  the  cervical 
ribs  in  man,'  reproduced  M.  Hunauld's  figure  and  description, 
and  described  and  figured  some  specimens  in  his  own  collection. 
In  commenting  on  Hunauld's  specimen  Knox  expressed,  though 
with  some  hesitation,  the  belief  that  it  might  not  be  an  example 
of  fusion  of  the  1st  and  2nd  thoracic  ribs,  but  of  a  cervical  rib 
blended  with  the  1st  thoracic,  and  he  also  gave  a  similar 
interpretation  to  Sandifort's  specimen.  Halbertsma,  in  a  subse- 
quent memoir,^  has  expressed  the  same  opinion  of  the  Leyden 

^  Op,  cU.t  p.  585,  fig.  2. 

'  Museum  ATuUomieum,  tab.  xlix.  figs.  1  and  2. 

•  London  Medical  Oazeite,  November  3  and  10, 1848. 

*  Archivf.  d.  H6llandisch  BeUrage  z.  Natur,  u,  HtHk.^  Bd.  1,  185S,  quoted  by 
Gruber. 
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specimen.  Knox  figidred  a  specimen  in  his  own  collection 
(fig&  2  and  3)  as  a  cervical  rib  blended  with  the  Ist  thoracic. 
In  fig.  5  he  represented  another  specimen  which  may,  he  thinks, 
be  analogous,  though,  as  he  had  no  knowledge  of  their  sternal 
and  vertebral  attachments,  they  "  may  be  a  partial  fusion  of  the 
1st  and  2nd  thoracic  ribs."  It  should  be  stated,  indeed,  that 
neither  in  Hunauld's,  Sandifort's,  nor  Knox's  specimens  is  any 
information  given  of  the  sternal  attachment  of  the  ribs,  and  it  is 
in  Hunauld's  case  only  that  the  vertebral  attachment  is  stated. 
As  Enox's  specimens  are  now  in  the  Anatomical  Museum  of 
the  University  of  Edinburgh,  I  am  able  to  refer  to  them  and 
give  some  further  account  of  their  characters.  The  one  drawn 
in  his  figs.  2  and  3  is  very  like  Sandifort's  specimen.  The 
common  body  is  12  inches  broad,  and  a  short  process  springs 
from  its  inner  border,  to  which  had  probably  been  attached  a 
fibrous  band  similar  to  that  described  in  my  cases  1  and  2.  In 
front  of  this  process  the  shaft  of  the  rib  diminished  to  0*8  inch 
in  breadth,  and  had  a  truncated  end  for  the  costal  caitilage. 
The  surfaces  of  the  common  body  were  oblique;  on  the  outer 
surface  was  a  roughness,  probably  for  the  serratus  magnus,  and 
the  part  which  belonged  to  the  upper  of  the  two  elements  of 
the  rib  was  grooved  for  the  subclavian  artery.  The  length  of 
the  lower  element  was  7^  inches,  that  of  the  upper,  as  far  as  the 
process  above  referred  to,  was  4J  inches.  The  common  body  of 
the  ribs  drawn  in  his  fig.  5  had  the  unusual  breadth  of  1*8  inches, 
and  it  retained  this  breadth  up  to  its  anterior  end,  where  it 
bifurcated.  The  upper  branch  joined  almost  immediately  the 
costal  cartilage,  the  lower  was  one  inch  long  and  seemed  as  if  a 
piece  had  been  broken  off  its  end.  The  surfaces  were  oblique, 
and  a  rough  mark  on  the  outer  surface  was  probably  for  the 
serratus  magnus.  The  upper  part  of  the  common  body  was 
grooved  for  both  the  subclavian  artery  and  vein,  and  between 
these  grooves  was  the  scalene  tubercle.  The  upper  element  of 
this  bicipital  rib  was  5|  inches  long,  the  lower  7^,  though  it 
had  probably  been  longer  when  complete. 

HuntemUUer  described  some  years  ago  ^  a  preparation  in  the 
Blumenbach  collection  in  Gottingen,  which  he  states  to  be  like 
Sandifort's  specimen,  an  example  of  a  cervical  rib  fused  with  the 

*  HenU  u.  Tfeufei's  Zeitachrift,  Bd.  xxix.  p.  150,  1867. 
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let  tboracia  The  common  body  is  broad  in  ibs  mid  part,  but  in 
fi'ont  of  the  spot  where  the  part  which  he  regards  as  a  cervical 
rib  terminates,  the  rib  diminishes  in  breadth.  The  sarfaces  are 
not  horizontal,  and  he  states  that  in  its  aspect  it  has  lost  the 
characters  of  the  1st  thoracic  and  presents  a  transition  to  that 
of  the  2nd  rib.  The  length  along  the  convexity  is  18  cent 
(7*087  inches),  which,  as  I  have  already  pointed  out  (p.  393),  is 
nearer  that  of  the  2nd  than  of  the  1st  thoracic  rib.  Professor 
Wenzel  Gruber,  in  his  elaborate  memoir  ,"0n  Cervical  Ribs,"* 
cites  Sandifort's  and  HuntemtiUer's  specimens  as  examples  of 
cervical  ribs  fused  with  the  bony  shaft  of  the  1st  thoracic 

In  my  paper  on  the  "  So-called  Two-headed  Ribs  "  I  described 
and  figured  from  the  human  subject  two  specimens  in  the  Ana- 


Fio.  4.     (Specimen  383a.)    a,  The  neck  of  the  upper  ;  b,  that  of  the  lower 

of  the  rib. 

tomical  Museum  of  the  University  of  Edinburgh,  383a  and  80e, 
and  for  facility  of  reference  I  reproduce  the  figures  here. 

Although  I  recognised  that  the  upper  of  the  two  ribs  closely 
resembled  in  form  the  1st  thoracic,  and  the  lower  was  like  a 
2nd  thoracic,  yet  by  attaching  more  value  to  the  characters  of 
the  two  vertebrae  preserved  in  80e  than  to  the  forms  of  the  ribs, 
I  came  to  a  similar  conclusion  with  regard  to  them  that  Knox, 
Halbertsma,  and  Huntemiiller  had  done  with  their  specimens, 
and  pronounced  the  upper  element  to  be  a  largely  developed 

^  Mim.  de  tAead-  I^P^  des  Sciences  de  St.  Petersbourg,  xiiL,  1869. 
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cervical  rib,  blended  with  the  Ist  thoracic.  The  additional 
knowledge  that  I  have  since  gained  by  the  dissection  of  cases  1 
and  2  has  led  me  to  reconsider  this  conclusion  All  these  four 
specimens  closely  resembled  each  other  in  the  form  of  the  heads 
and  necks,  in  the  place  of  fusion  of  the  shafts  just  beyond  the 
tubercles,  in  the  obliquity  of  the  surfaces  of  the  common  body, 
and  in  the  presence  of  a  roughness  for  the  attachment  of  the 
serratus  magnus.  In  80e  the  upper  element  measured  from 
head  to  sternal  end  5^  inches,  the  lower  element  7f  inches ; 
in  388a  the  upper  element  measured  5^  and  the  lower  8  inches, 
so  that  in  these  dimensions  they  approximated  to  the  cor- 
responding curvatures  in  cases  1  and  2  and  to  the  measurements 
of  normal  1st  and  2nd  thoracic  ribs.     In  case  2,  also,  the  head 


Fio.  5.  (Specimen  SOe.)  a,  The  neck  of  the  upper  ;  b,  that  of  the  lower  of  the 
two  ribs.  The  specimen  is  represented  from  below,  and  the  drawing  much 
foreshortened. 

of  the  upper  rib  articulated  as  in  80e  with  the  side  of  the  body 
of  its  vertebra,  near  the  middle.  80e  and  383a  differed,  however, 
from  1  and  2  in  that  the  common  body,  divided  anteriorly  into 
(wo  shafts,  each  ending  in  a  costal  cartilage  ;  but,  as  is  shown  by 
the  diflference  on  the  two  sides  of  the  body  in  case  1,  variations 
in  the  mode  of  termination  anteriorly  of  these  blended  ribs  may 
take  place  even  in  the  same  person,  so  that  this  is  not  to  be 
regarded  as  an  important  character. 

The  nature  of  the  anatomical  peculiarity  in  1  and  2  is  not 
open  to  question,  for  the  ribs  were  all  seen  in  their  places,  and 
their  connections  with  the  vertebree  and  sternum  examined.     It 
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is  therefore  much  more  probable  that  80e  and  383a  should,  from 
their  similarity  in  appearance,  be  also  regarded  as  due  to  a  fusion 
of  the  1st  and  2nd  thoracic  ribs,  and  not  of  a  cervical  rib  with 
the  Ist  thoracic,  as  I  had  formerly  described.  A  similar  inter- 
pretation should  also,  I  think,  be  given  to  Sandifort's,  Knox's, 
Halbertsma's,  and  HuntemUller's  cases ;  and  we  must  accept  M. 
Hunauld's  own  statement  of  the  nature  of  his  specimen  as 
correct,  and  discard  the  view  of  its  being  a  cervical  rib  blended 
with  the  1st  thoracic,  which  was  suggested  by  Dr.  Knox. 

But  whilst  considering  all  these  cases  to  be  examples  of  union 
of  the  elements  of  the  1st  and  2nd  thoracic  ribs,  I  do  not  imply 
that  a  cervical  rib,  when  it  occurs,  may  not  sometimes  have  its 
bony  shaft  fused  with  the  1st  thoracic  rib,  although  undoubtedly 
such  cases  are  extremely  rare.  If  I  am  right  in  regarding  the 
above  cited  cases,  which  have  by  so  many  observers  been 
described  as  examples  of  such  fusion,  as  belonging  to  the  same 
category  as  my  specimens  1  and  2,  then  we  must  strike  out  from 
anatomical  literature  those  examples  which  it  has  been  cus- 
tomary to  quote  as  illustrating  the  junction  by  bony  union  of  a 
cervical  with  a  thoracic  rib.  The  third  case,  however,  which  I 
have  described  (p.  391),  notwithstanding  the  imperfect  state  of 
the  skeleton,  presents  such  characters  as  have  led  me,  for  the 
reasons  already  given  (p.  393),  to  regard  it  as  formed  by  the 
fusion  of  the  shaft  of  a  cervical  with  that  of  the  1st  thoracic  rib. 

Bicipital  Ribs  in  Whales. 

In  my  previous  paper  on  this  subject  I  referred  to  the  descrip- 
tions which  have  been  given  by  Dr.  J.  K  Gray,  Professor  van 
Beneden,  and  Professor  Flower  of  skeletons  of  the  Cetacea,  in 
which  the  bicipital  form  of  the  first  rib  had  been  seen,  and  I  at 
the  same  time  described  a  specimen  which  I  had  obtained  in  a 
miscellaneous  collection  of  whales'  bones  from  the  Cape  of  Good 
Hope. 

Since  then  T  have  met  with  another  rib  of  the  same  kind 
which  illustrates  a  similar  peculiarity.  It  formed  a  part  of  the 
skeleton  of  a  Balcmoptera,  some  of  the  bones  of  which  were  found ' 
in  1859,  others  in  1863,  embedded  in  clay  in  Christie's  brickfield, 
in  the  carse  land  near  the  town  of  Stirling,  and  about  100  yards 
from  the  bed  of  the  river  Forth.    They  were  lying  in  the  "  blue 
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slink,"  from  13  to  14  feet  below  the  present  surface,  and  from  3 
to  4  feet  above  the  present  high-water  mark. 

The  rib  was  cleft  at  its  vertebral  end  by  a  fissure  5J  inches 
deep,  at  the  bottom  of  which  the  two  segments  fused  together 
into  a  common  shaft,  flattened  on  its  two  surfaces.  Each  segment 
was  a  flat  plate  of  bone  truncated  at  its  vertebral  end,  and  the 
one  was  both  in  width  and  length  about  |  inch  greater  than  the 
other.  The  line  of  fusion  of  the  segments  was  marked  on  one 
surface,  and  on  the  inner  border  of  the  common  body,  by  a  shallow 
groove.  Each  segment  had  an  elongated,  tubercle-like  roughness 
on  its  upper  border,  immediately  before  the  rib  made  its  down- 
ward curve,  which  on  the  longer  segment  was  before,  but  on  the 
shorter  after,  the  fusion  had  taken  place.  The  common  shaft  was 
from  4  to  4^  inches  broad  up  to  its  sternal  end,  where  it  widened 
out  to  nearly  7  inches.  The  length  of  the  rib  from  the  vertebral 
end  of  the  longer  segment  along  the  convexity  of  the  curve  to 
the  sternal  end  w6ls  3  feet  7  inches.  The  skeleton  was  so  imper- 
fect, and  so  many  of  the  bones  were  broken,  that  it  was  not 
possible  to  ascertain  with  which  vertebrae  this  rib  had  articulated. 


Fio.  6.  Two-headed  rib  of  Balamoptera  embedded  in  the  carse  clay  This  figure, 
and  figs.  1,  2,  and  8,  hare  been  drawn  on  wood  by  my  son,  Mr  W.  A. 
Turner. 

As  it  is  the  1st  rib  which  in  the  Cetacea  has  been  seen  to 
have  this  bicipital  or  bifid  arrangement  at  the  vertebral  end,  it 
has  been  customary  to  regard  it  as  due  to  tlie  fusion  of  a  supple- 
mentary cervical  rib  with  the  1st  thoracic.  That  cervical  ribs 
do  occasionally  occur  in  the  Cetacea,  as  in  man,  has  been  shown, 
especially  by  Professor  van  Beneden,  who  has  described  ex- 
amples in  skeletons  of  Bcdcenoptera  laticeps,  Ddphinus  delphis, 
and  Phocasna  communis}    In  some  of  these  the  cervical  rib  was 

J  Bulletin  dt  V Acad,  Roy.  des  Sciences  de  Belgique,  xxvi.  p.  7, 1868. 
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uot  fased  with  the  thoracic ;  but  in  one  very  remarkable  speci- 
men from  the  skeleton  of  a  Balcenoptera  laticeps  from  the  North 
Cape,  whilst  on  the  right  side  the  cervical  rib  was  free  so  that 
the  1st  thoracic  rib  was  not  bifid,  on  the  left  side  a  Ipngitudinal 
bar  of  bone  formed  an  eminence  on  the  anterior  surface  of  the 
1st  thoracic  rib,  which  Van  Beneden  interprets  as  a  cervical  rib 
fused  with  the  1st  thoracic. 

From  the  fact  which  has  now,  by  the  dissection  of  my  cases 
1  and  2,  been  satisfactorily  proved,  that  in  man  a  similar  bici- 
pital appearance  may  arise  from  a  fusion  of  the  Ist  and  2nd 
thoracic  ribs,  the  question  naturally  emerges.  May  not  a  like 
fusion  also  take  place  in  the  Cetacea  ?  so  that  it  is  possible  that 
some  of  the  specimens  of  bifid  first  ribs,  so  common  in  skeletons 
of  Balamaptera  laticeps,  may  be  due  to  this  cause,  and  not  to  a 
fusion  of  a  cervical  with  the  1st  thoracic  rib.  In  connection 
with  this  view  I  may  refer  to  my  description  of  the  skeleton  of 
Balamoptera  borealis  {laticeps),  published  last  year  in  this 
Journal  (vol.  xvi.,  April  1882,  p.  479),  in  which  no  supplementary 
cervical  rib  was  present,  but  where  the  1st  and  2nd  right  thoracic 
ribs  were  fused  together  at  their  sternal  ends. 

Although  the  general  conclusions  arrived  at  in  my  former 
paper  on  bicipital  ribs  are  in  the  main  unaffected  by  the  addi- 
tional facts  now  recorded,  they  require  modification  in  one  or 
two  particulars,  and  may  be  re-stated  briefly  as  follows : — 

1st.  In  both  Man  and  the  Cetacea  cervical  ribs  are  occasion- 
ally developed  in  connection  with  the  7th  vertebra. 

2nd.  In  both  the  cervical  ribs  may  remain  free  or  be  fused 
with  the  1st  thoracic  rib,  so  as  to  make  it  bicipital 

3rd.  In  Man  a  similar  bicipital  form  may  be  due  to  fusion  of 
the  shafts  of  the  1st  and  2nd  thoracic  ribs  with  each  other  at 
their  vertebral  ends,  and  it  is  probable  that  this  may  also  occur 
in  the  Cetacea. 

4th.  In  either  of  the  forms  of  fusion  specified  in  2  and  3,  the 
two  limbs,  into  which  the  vertebral  end  is  divided,  lie  in  different 
transverse  planes,  and  the  bifurcation  is  due  to  the  partial  fusion 
of  two  morphologically  distinct  rib-elements. 

5th.  The  presence  of  a  cervical  rib,  or  the  bicipital  fonuof  the 
1st  rib,  is  only  an  individual  peculiarity,  and  is  not  to  be  regarded 
as  affording  any  evidence  of  either  specific  or  generic  difference. 
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NEW  FOKM  OF  ETHER  MICROTOME.  By  Charlbs  W. 
Cathoart,  M.B.,  F.RC.S.,  Lecturer  on  Anatomy,  Surgeons*  Hall, 
Edinburgh. 

In  Tenturing  to  add  another  to  the  many  forms  of  Freezing  Microtome 
which  have  been  produced  of  late,  I  may  begin  by  explaining  what 
objects  I  had  in  view  in  devising  the  present  apparatus,  as  a  preliminary 
to  describing  its  mechanism.  These  objects .  briefly,  were — (1)  to 
obtain  a  simple  ether  spray  produce!*  which  would  not  allow  any 
ether  to  escape  unevaporated ;  (2)  to  have  an  efficient  microtome  for  use 
with  the  ether  spray,  which  would  be  so  simple  in  its  mechanism  as  to 
admit  of  manufacture  and  production  at  a  comparatively  low  cost. 


1  •T" 


'""       Fig.  1. 


After  a  considerable  amount  of  time  and  trouble,  I  have  succeeded  in 
producing  a  Microtome  which  can  be  sold  at  15s.,  including  the  spray 
producer,  and  which  freezes  J  of  an  inch  of  tissue  in  1 J  or  2  minut«38, 
using  in  the  process  about  2  drachms  of  ether,  which  cost  something 
less  than  a  farthing.  The  instrument  may  be  described  under  the 
heads  of  (1)  the  Spray,  (2)  the  Microtome. 

The  spray  producer  (fig.  1)  works  on  the  same  principle  as  the  scent 
sprays  which  have  been  in  use  for  a  long  time,  where  a  jet  of  air  playing 
across  the  top  of  a  tube  draws  up  the  fluid  from  its  interior  by  tending 
to  make  a  vacuum  in  it.     The  bellows  used  are  the  ordinary  hand  ones 
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sold  for  carbolic  and  other  spray  producers,  these  being  as  cheap 
and  efficient  as  any  that  can  be  got  In  working  at  the  spray  points, 
I  began  by  selecting  the  size  of  air-hole  that  these  bellows  could  easily 
feed  with  a  continuous  blast  of  air,  and  then,  experimenting  wiUi 
various  sizes  of  vaccine  tubes,  I  found  at  last,  that  with  the  smallest 
size  I  could  produce  a  spray  which,  at  about  half  an  inch's  distance 
from  any  object,  contained  just  as  much  ether  as  the  given  blast  of 
air  could  evaporate.  There  was  then  of  course  no  running  of  the 
ether  to  waste,  while  at  the  same  time  an  intense  cold  was  very 
rapidly  produced.  The  method  of  adapting  the  spray  points  to  one 
another  is  a  modification  of  the  ordinary  one,  and  is  adopted  from  a 
German  model.  It  is  as  foUows: — ^Two  fine  brass  tubes  are  taken — one 
(A)  is  brought  to  the  requisitely  fine  point  for  the  ether,  and  the  other 
(£J,  being  closed  at  the  end,  has  the  air-hole  bored  at  the  side,  a  little 
behind  the  closure.  The  point  of  the  ether  tube  is  then  placed  over  the 
middle  of  the  air-hole,  and  the  tubes,  laid  one  over  the  other,  are  soldered 
together  in  this  position ;  the  free  ends  of  the  tubes  are  then  connected 
with  the  air  bellows  and  the  ether  bottle  respectively  by  means  of  india- 
rubber  tubing,  and  this  part  of  the  apparatus  is  complete. 

The  microtome  (fig.  2)  consists  of  the  framework,  and  the  mechanism 
for  raising  the  section.  The  framework  is  of  ^inch  mahogany,  and  is 
in  the  form  of  a  base  with  two  upright  parallel  pieces  screwed  on  to  it 
The  base  (A),  which  is  about  2^  by  4  inches,  is  bored  to  allow  the  tubes 
for  raising  the  section  to  pass  up  between  the  parallel  pieces,  and  haa 
a  projecting  part  at  one  side  to  allow  of  its  being  clamped  to  the  table 
(M').  The  two  parallel  parts  (££),  which  are  of  die  same  ^inch 
mahogany,  stand  about  I^  apart ;  they  are  4  inches  long,  and,  nsing  to 
1  inch  high,  each  carries  on  the  upper  surface  a  piece  of  |-inch  plate 
glass  (CO)  of  the  same  length  and  breadth  as  itself.  This  is  to  sup- 
port and  steady  the  knife  as  it  is  pushed  across  the  tissue  to  be  cut, 
while  the  fact  of  the  tissue  coming  up  between  the  plates  allows  that 
part  of  the  knife  which  is  to  cut  the  specimen  to  be  kept  free  of  contact 
until  it  touches  the  tissue. 

The  method  of  raising  the  section  plate  is  as  follows: — About  2 
inches  of  accurately-fitting  double  brass  tubing  are  taken,  and  into  the 
outer  one  (D)  the  nut  (F)  of  a  fine  screw  is  firmly  soldered  at  what  is 
to  be  its  lower  end.  The  inner  tube  (£)  has  the  section  plate  fixed  to  its 
upper  end  by  two  screws,  with,  however,  two  small  pieces  of  vtdcanite 
intervening  between  the  plate  and  the  tube,  so  as  to  disconnect  them 
as  much  as  possible,  and  into  the  lower  end  of  the  inner  tube  a  trans- 
verse bar  is  fitted,  against  which  the  screw  coming  through  the  outer 
tube  presses  when  it  is  desired  to  raise  the  section  plate  to  which  the 
inner  tube  is  attached  By  means  of  a  small  screw-nail  fixing  the 
outer  screw  to  the  bar  in  question,  the  inner  tube  can  be  withdrawn, 
as  well  as  pushed  up  whenever  that  movement  is  required.  A  milled 
head  (G)  has  been  substituted  for  the  ordinary  capstan  arms,  for 
turning  ihe  main  screw  round. 

The  spray  points  are  introduced  at  the  requisite  distance  below  the 
section  plate  by  cutting  a  narrow  slot  through  both  tubes,  and  fixing 
to  the  inner  one  a  piece  of  bent  brass,  into  which  the  spray  points  can  b« 
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pushed  and  held  finnly,  while  a  small  shoulder  on  the  latter  prevents 
them  from  passing  beyond  the  centre  of  the  under  surface  of  the  plate. 

Finally,  the  ether  bottle  (J)  is  fastened  to  the  side  of  one  of  the  up- 
right pieces  of  the  framework  by  a  simple  hook  and  eye,  the  hook  being 
fixed  to  a  collar  round  the  neck  of  the  ether  bottle,  and  the  eye  to  the 
side  of  the  framework  in  question.  It  will  be  seen,  I  think,  from  this 
description,  that  with  the  exception  of  the  fine  screw  for  raising  the 
tissue,  the  details  of  the  mechanism  are  very  simple,  hence  the  low 
price  at  which  it  can  be  sold ;  and  in  practice  it  has  been  found  to 
work  admirably. 

The  instrument  can  be  had  from  Mr.  Fraser,  optician,  7  Lothian 
Street,  Edinburgh,  who  has  most  carefully  carried  out  my  suggestions 
as  we  went  along,  and  who  has  suggested  a  part  of  the  mechanism 
himself. 


A  CASE  OF  RIGHTSIDED  SIGMOID  FLEXUEE  AND 
RECTUM.  By  Ernest  E.  Maddox,  M.B.,  Res,  Fhys.,  RoycU 
Infirmary^  Edinburgh, 

The  lower  part  of  the  large  intestine  was  observed  to  take  the  fol- 
lowing abnormal  course  during  the  post-mortem  examination  of  a  male 
subject  in  the  Boyal  Asylum,  Momingside. 

For  permission  to  communicate  it,  I  am  indebted  to  the  courtesy  of 
Dr.  Clouston. 

For  some  inches  below  the  splenic  flexure  the  descending  colon 
occupied  its  usual  position,  but  thence,  with  rather  an  abrupt  curve, 
it  passed  across  the  abdomen  to  the  right  side,  and  lay,  in  this 
horizontal  part  of  its  course,  behind  the  small  intestines  and  the  origin 
of  the  mesentery,  bound  by  peritoneum  to  the  aorta  and  vena  cava  near 
the  termination  of  the  former. 

It  was  then  continued  into  an  ample  sigmoid  flexure  in  the  right 
iliac  fossa,  which  lay  in  front  of  the  caecum,  and  was  invested  by 
peritoneum  derived  from  the  covering  of  that  viscus  through  a  meso- 
colon about  two  inches  wida 

The  rectum  coursed  down  the  right  side  of  the  sacrum,  and  but  for 
this  reversal  of  position  bore  its  normal  relation  to  the  peritoneum. 

This  abnormality  must  from  its  nature  have  been  congenital,  and 
differs  essentially  from  the  not  infrequent  displacements  of  the  sigmoid 
flexure  to  the  right,  attributed  to  the  exceptional  length  of  the  meso- 
colon, and  in  which  the  descending  colon  must  of  necessity  lie  in  front 
of  the  small  intestines,  to  reach  the  right  iliac  fossa.  Their  occurrence 
must  be  viewed  as  more  or  less  accidental,  and  due  to  the  extreme  licence 
afforded  to  the  sigmoid  flexure  by  the  unusual  length  of  its  tether. 

The  present  case  would  be  of  much  interest  climcally,  for  the  diag- 
nosis of  a  large  tumour  in  the  right  iliac  fossa,  with  no  swelling  in  the  left, 
would  remove  any  suspicion  of  impacted  faeces  in  the  sigmoid  flexure, 
and  the  presence  of  another  tumour  in  the  middle  line,  bound  closely  to 
the  aorta,  and  perhaps  transmitting  its  pulsations,  would  render  a  cor- 
rect intei^retation  of  the  physical  signs  still  more  improbable. 
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NoTB  to  Mr.  Haswbll's  Paper  on  "^  Some  Pointe  in  the  Myology  of 
the  Common  PigeonJ^ 

[After  the  issue  of  our  January  number  contaming  Mr.  Haswell's 
paper,  we  received  from  him,  from  Sydney,  the  following  note,  which 
he  requested  us  to  substitute  for  the  last  paragraph,  see  p.  221,  but 
as  it  arrived  too  late  for  that  issue,  we  now  insert  it.  In  his  accom- 
panying letter  he  states  that  he  has  now  had  the  opportunity  of 
dissecting  anemu,  and  that  it  possesses  the  so-called  lumbricalis 
muscle. — Editor.] 

The  Presence  of  Lumhricales  in  the  Foot. — ^Dr.  Gradow  states  that 
the  muscle  which  I  have  ventured  to  regard  as  the  homologue  of  the 
lumhricales  of  mammals  is  found  in  many  other  birds,  "  e.^.,  the 
Ratitfle,"  and  has  been  described  by  Meckel  in  his  Vergleichende 
AncUomie  and  his  Archiv.  fiir  AncUomie  u,  Pkydologie,  Not  having 
been  able  to  consult  the  volumes  referred  to  here,  I  am  unaUe  at  pre- 
sent to  check  Dr.  Gradow's  identification  of  the  muscle  in  question 
with  one  described  by  Meckel  I  have  no  doubt,  however,  that  what 
he  says  on  this  head  is  correct  The  statement,  on  the  other  hand, 
that  tiie  muscle  occurs  in  many  other  birds,  is  certainly  erroneous.  It 
has  been  entirely  overlooked  by  more  recent  writers ;  no  mentioa  is 
made  of  it  by  Owen  in  his  Memoir  on  the  Apteryx,  in  his  article 
"  Aves "  in  Todd*s  Oydoptedia,  or  in  his  CompartUive  Anatomy 
and  Physiology  of  Vertebrates,  nor  by  Selenka  in  the  Vogel  of  Bronn's 
Thierreichy  nor  by  Alix  in  his  Appareil  locomoteur  dee  Oiaeaux,  nor 
is  any  allusion  made  to  it  in  any  of  Garrod*s  papers,  and  this  is  par- 
ticularly significant  in  the  case  of  the  only  Ratite  bird — the  oekich, 
of  which  he  gives  a  detailed  account  of  the  flexors  of  the  toes.  I  may 
add  that  I  have  examined  representatives  of  many  families  of  birds  for 
this  muscle,  and  have  failed  to  find  it  in  any  save  the  pigeons,  the 
fowls,  and  the  emu.  Thus,  though  not  peculiar  to  the  pigeons,  it  is  a 
highly  characteristic  muscle,  and  though  it  may  have  been  observed 
by  It^kel,  I  can  claim  at  least  the  merit  of  its  re-discovery  after  a  long 
period  of  neglect  at  the  hands  of  those  who  have  more  recently  written 
on  avian  myology.  W.  A.  Haswsll. 


Tlie  concluding  part  of  Dr.  Hay's  mem>oir  on  "  The  Action  of  Saiine 
Cathartics"  tcill  appear  in  the  July  number. 


Errata  in  Dr  .Dobson's  Paper  on  the**  Hemologits  qfUu  Long  FImw 
Muscles,'' 

Vol.  XVII.-January  1888. 

P.  146,  line  8  from  top,  third  word  from  left, /or  "superficial,"  rsad  " deep.** 
P.  168,  line  18  from  top,  second  word  from  left, /or  *'  these,"  read  •*  the.** 
P.  168,  line  24  from  top,  second  word  from  left,  for  **  dorsatus,**  read  **  dorsdUs.** 
P.  179,  line  28  from  top,  second  word  from  left,  for  **  JUndaris,**  read  "  lilnaUs.^ 
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THE  ACTION  OF  SALINE  CATHARTICS.  By  Matthew 
Hat,  M.D.,  Demonstrator  of  Practical  Materia  Medica  in  the 
University  of  Edinburgh, 

{Continued  from  page  248.) 

Conclusion. 

It  is  now  desirable  that  I  place  together  in  a  readily  intelli- 
gible fomi  the  more  important  results  derived  from  the  numerous 
experiments  which  I  have  made  for  the  purpose  of  ascertaining 
more  precisely  the  nature  of  the  action  of  a  saline  cathartic. 
This  is  the  more  necessary,  as,  so  far,  the  results  of  each  series  of 
experiments  have  been  mostly  considered  by  themselves,  and 
not  in  conjunction  with  those  of  the  other  series. 

In  my  first  experiments,  it  will  be  remembered  that  I  hoped 
to  prove,  and  succeeded  in  proving  by  the  method  employed,  that 
the  salt  does  not  cause  any  increase  of  secretion  within  the 
alimentary  canal,  but  hinders  the  absorption  of  the  fluids  in 
which  it  is  dissolved,  being  itself  slowly  difiusible  and  uniting 
with  and  retaining  the  water.  That  theory  I  was  compelled  to 
abandon  after  obtaining  the  results  of  the  three  subsequent 
series  of  experiments.  The  work  upon  which  it  was  based  is 
not,  however,  valueless,  for,  besides  being  accompanied  by 
certain  interesting  analyses  exhibiting  the  distribution  of  the  salt 
in  the  urinary  and  faecal  excretions,  it  has  shown  that  the 
secretion  which  the  purgative  excites  is  greatly  diminished  if 
the  blood  is  previously  concentrated ;  and,  indeed,  is  so  much 
diminished  that  in  most  cases  purgation  does  not  at  all  occur. 
It  therefore  rests  with  me  to  construct  another  theory  which 
will  meet  the  requirements  of  the  results  of  all  of  the  experi- 
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ments  and'onite  them  into  a  harmonious  whole.  I  shall,  for  the 
sake  of  simplicity  and  lucidity,  consider  these  results  in  relation 
to  the  following  points  and  in  the  following  order,  supplementing 
them,  where  necessaiy,  hy  other  experiments. 

A.  The  Effect  of  the  Saline  Cathartic  on  the  Alimentary 
System. 

I.  Does  the  salt  provoke  an  increase  of  secretion  within 

the  alimentary  canal? 
II.  The  source  of  the  secretion : — 

1.  Stomach. 

2.  Liver. 

3.  Pancreas. 

4.  Small  intestine. 

5.  Large  intestine. 

III.  The  nature  and  characters  of  the  secretion. 

IV.  The  mode    of  the  production  or    excitation  of    the 

secretion. 
V.  The  action  of  the  salt  on  the  peristaltic  movements  of  the 
intestines. 

B.  The  Effect  of  the  Saline  Cathartic  on  Other  Parts  of  the 
Body  than  the  Alimentary  System. 

I.  On  the  blood  and  circulation. 
II.  On  the  urinary  secretion. 

A.  Thb  Effect  of  thb  Saline  Cathartic  on  the  Alimen- 
tary System. 

I.  Does  the  Salt  provoke  an  increase  of  Secretion  vnthin  the 
Alimentary  Canal  i 

The  experiments  of  Series  B.,  C,  and  D.  answer  this  most 
distinctly  in  the  affirmative.  Some  objections  might  be  urged 
against  the  method  employed  in  Series  B.,  but  the  methods  of 
Series  C.  and  D.  are  perfectly  unimpeachable ;  and  I  claim  by 
these  to  have  completely  and  satisfactorily  demonstrated  for  the 
first  time  tliat  the  salt  does  actually  excite  secretion.  In  the 
experiments  of  Series  B.,  by  using  a  certain  proportion  of  a  10 
per  cent,  solution  of  sulphate  of  soda  to  a  given  length  of 
intestine,  it  was  found  that  a  solution  of  this  strength  did  not 
increase  in  bulk.  The  quantity  of  solution  was,  however,  pro- 
bably smaller  than  what  at  any  moment  comes  in  contact  with 
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the  same  length  of  intestine  during  the  action  of  a  purgative 
dose  of  the  salt,  adminstered  in  the  usnal  manner ;  for,  in  Experi- 
ments LV.  and  LVII.  (Series  C.)  and  LIX,  (Series  D.),  a  5  per 
cent  solution  appears  to  be  that  which  neither  increases  nor 
diminishes  in  bulk.  But,  apart  from  the  increase  of  the  fluids 
in  the  alimentary  canal,  I  am  satisfied  from  the  alteration  in 
their  characters  and  properties  that  even  the  weakest  saline 
solution  provokes  secretion,  although  absorption,  proceeding  at 
an  equal  or  greater  rate,  may  prevent  any  increase  in  the  volume 
of  the  fluid  within  the  canaL 

IL  The  Source  of  the  Secretion. 

From  what  part  of  the  alimentary  canal  is  it  derived?  Is  it 
from  one  or  other,  or  a  combination,  of  the  various  portions  of  the 
canal  and  its  attached  glands;  and,  if  from  a  combination  of 
some  or  all  of  them,  to  what  extent  does  each  contribute? 

1.  Stomach. — If  this  organ  contains  no  food,  the  salt  does  not 
remain  long  within  it,  probably  not  over  half  an  hour  (Experi- 
ments LXII.,  LXIII.,  and  LXIV.).  During  this  short  period  a 
10  per  cent,  solution  will  scarcely  increase  in  bulk  (Experiments 
LXIX.  and  LXX.),  while  a  20  per  cent,  solution  may  excite  a  fairly 
rapid  secretion  (Experiment  LXII.).  As  the  salt  is  not  usually 
administered  in  a  solution  of  greater  strength  than  10  per  cent 
we  may  conclude  that  the  purgative  extracts  but  very  little  fluid 
from  the  stomach,  and  that  the  secretion  excited  appears  always 
to  possess  an  alkaline  character. 

2.  Liver. — In  all  the  experiments  of  Series  D.  the  secreted 
fluid  was  examined  to  ascertain  if  much  bile  was  present,  and 
the  fulness  or  emptiness  of  the  gall-bladder  noted.  Rutherford^ 
has  shown  that  the  secretion  of  the  bile  is  augmented  during  the 
action  of  sulphate  of  soda,  but  not  during  the  action  of  sulphate 
of  magnesia.  In  most  of  my  experiments  with  the  former  salt 
there  was  hardly  any  visible  staining  of  the  intestinal  fluid  with 
bile,  and  the  gall-bladder  was  almost  invariably  well  filled;  from 
which  I  infer  that,  whatever  be  the  action  of  the  absorbed  salt 
on  the  secretion  of  bile  by  the  liver,  the  discharge  of  the  bile 
from  the  gall-bladder  into  the  intestine  is  little  or  not  at  all 
accelerated  by  this  salt  Even  were  the  discharge  increased,  it 
could  not  add  much  to  the  total  quantity  of  fluid  within  the 

*  Rutherford,  op,  cU,,  p.  67. 
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intestines.  For,  according  to  Bidder  and  Schmidt,^  the  hourly 
amount  of  biliary  secretion  in  a  cat,  3  kilogrammes  in  weight, 
does  not  exceed  1*8  cc.;  and  as  in  an  hour  the  maximum  of  the 
general  secretion  excited  by  the  purgative  has  been  reached,  the 
bile,  allowing  for  an  increase  in  its  discharge,  could  not  contribute 
more  than  a  very  few  cubic  centimetres  of  the  40  to  80  cc. 
observed  to  be  poured  into  the  intestine  during  the  action  of  the 
salt  solution  (Experiments  LX.  and  LXI.). 

3.  Pancreas. — It  is  much  more  difficult  to  ascertain  to  what 
extent  this  gland  adds  to  the  purgative  secretion.  The  pan- 
creatic juice  being  without  colour,  its  admixture  with  the  purga- 
tive fluid  cannot  be  so  readily  detected  as  in  the  case  of  the  bile- 
Its  powerful  digestive  properties  might  give  a  clue  to  its  presence, 
but  as  these  in  their  nature  are  identical  with  some  of  the 
digestive  properties  of  intestinal  juice,  its  presence  cannot  with 
certainty  be  proved,  especially  if  in  small  quantity.  If  in  large 
quantity,  the  difficulty  is  not  so  great,  for  its  diastatic  and 
proteolytic  powers  are  very  much  stronger  than  those  of  the 
intestinal  juice.  I  have  compared  the  diastatic  power  of  the 
intestinal  secretion  obtained  by  the  action  of  the  salt  within  a 
washed  out  ligatured  loop — and  which  was,  therefore,  uncontam- 
inated  with  pancreatic  juice — with  the  fluid  found  in  the  intes- 
tines after  the  action  of  the  salt  administered  per  os.  Five  cubic 
centimetres  of  the  former  (Experiment  XLIX.)  produced  0-489 
gramme  of  sugar  from  a  1  per  cent,  solution  of  starch,  while 
the  same  quantity  of  the  latter  (Experiment  LXI.)  produced 
0662  gramme.  Moreover,  5 cc.  of  the  blood  of  the  cat  used  in 
the  latter  experiment  contained  sufficient  ferment  to  form  0*411 
gramme  of  sugar  from  a  starch  solution.  We  therefore  infer 
that  a  saline  purgative  scarcely,  if  at  all,  stimulates  the  outflow 
of  the  pancreatic  juice.  For,  had  the  fluid  of  the  intestine  in 
Experiment  LXI.  contained  much  of  this  juice,  the  diastatic  power 
of  the  fluid  would  have  been  very  much  greater  than  that  repre- 
sented by  the  quantity  of  sugar  obtained  from  the  starch  digested. 
The  digestion  in  each  case  was  continued  for  forty-eight  hours. 
Kroeger*  found  that  1  cc  of  pure  pancreatic  juice  could  in  the 
course  of  half  an  hour  convert  4*67  grammes  of  starch  into 

9  , 

"  Bidder  u.  Schmidt,  Die  VerdauungssdfU,  Ac.,  Leipzig,  1852,  S.  209. 

*  Kroeger,  Hermann's  Udbuch,  d.  Phy8iologie,Bd.  v.  Th.  1,  Maly,  a  195. 
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sugar,  and  Boberts,  in  his  Lectures  on  the  Digestive  Ferments, 
assigns  to  the  juice  an  almost  incredibly  high  diastatic  power  ^ ; 
and  there  is  no  reason  to  believe  that  the  secretion  in  the  cat  is 
not  as  active  as  that  obtained  from  other  animals.  We  accord- 
ingly conclude  that  the  pancreatic  juice  shares  but  very  slightly 
in  the  increase  of  the  purgative  fluid  within  the  alimentary  camd, 
as  its  presence  even  in  very  small  quantity  would  impart  a  high 
diastatic  power  to  the  purgative  secretion.  It  is  but  right  to 
mention  that  Barbier^  quotes  Gendrin  as  stating  that  he  had 
experimentally  determined  that  the  pancreatic  secretion  is 
excited  during  the  action  of  a  purgative.  The  name  of  the 
purgative  is  not  however  given. 

I  might  make  use  of  the  same  form  of  argument  as  I  have 
done  in  the  case  of  the  bile  to  prove  that,  even  were  the 
pancreatic  secretion  stimulated,  the  quantity  poured  out  in  the 
course  of  an  hour  would  be  perfectly  insignificant  compared 
with  the  observed  increase  of  the  puigative  fluid  within  the 
intestines  during  that  time.  The  pancreas  of  the  dog  during 
digestion  secretes  01  c.c  of  juice  for  each  kilogramme  of  the 
animars  weight' ;  and  if  the  rate  of  secretion  be  similar  in  the 
cat,  about  0*3  cc.  would  be  poured  out  in  a  cat  weighing  3 
kilogrammes,  and,  allowing  this  to  be  doubled  or  even  trebled 
by  the  action  of  the  purgative,  it  is  evident  that  the  pancreas 
could  not  add  more  than  1  or  2  cc.  to  the  intestinal  contents  in 
the  course  of  an  hour. 

4  SmaU  Intestines, — This  viscas  appears  to  be  the  main  source 
of  the  fluid.  Its  capability  of  furnishing  a  copious  secretion 
under  the  action  of  the  salt,  many  of  my  direct  experiments  on 
the  intestines  (Series  B.  and  Experiment  LXXI.)  indubitably 
prove.  It  is  probable  that  this  secretion  is  rapidly  poured  out 
and  that  it  very  quickly  passes  onwards  with  the  salt  to  the 
colon,  particularly  if  the  intestine  be  tolerably  free  from  food 
(Series  D.,  especially  Experiment  LXIII.).  That  the  characters  of 
the  fluid  point  to  its  being  derived  from  the  intestine,  has  already 
received  confirmation  in  the  discussion  of  the  almost  passive 
part  which  the  stomach,  liver,  and  pancreas  play  in  its  produc- 

>  Roberts,  p.  85. 

«  Barbier,  TraiU  de  matiire  midieale,  1880,  torn.  iii.  p.  194. 

'  Bidder  a.  Schmidt,  op.  eU, 
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tioD,  and  will  be  further  supported  when  we  pass  to  the  actual 
consideration  of  these  charactera 

5.  Large  IrUestine. — Tt  is  somewhat  difficult  to  determine  with 
accuracy  how  much  of  the  fluid  is  contributed  by  the  large 
intestine  in  a  case  of  ordinary  purgation.  For,  by  the  time  that 
the  salt  has  reached  the  colon,  it  has  become  so  diluted  by  the 
secretion  of  the  small  intestine  as  no  longer  to  possess  its 
previously  active  excito-secretory  power.  But  that  the  large 
intestine  is  capable  of  furnishing  a  fair  amount  of  secretion,  if 
sufficiently  stimulated  by  a  tolerably  concentrated  solution  of 
the  salt,  is  supported  by  several  of  the  experiments  of  Series  B. 
It  is  possible,  indeed  highly  probable,  that,  even  when  the  salt 
reaches  the  colon  in  a  diluted  condition,  and  when  the  fluid 
undergoes  no  increase  within  that  viscus,  there  is  effected,  by  an 
equality  of  absorption  and  secretion,  a  considerable  admixture  of 
colic  secretion  with  the  purgative  fluid. 

The  general  conclusion,  therefore,  as  to  the  source  of  the 
purgative  fluid,  is  that  it  is  mainly  derived  from  the  intestines, 
and  particularly  from  the  small  intestine;  the  stomach,  liver, 
and  pancreas  supplying  under  ordinary  conditions  very  little  or 
practically  none  of  the  fluid. 

III.  The  Nature  and  Characters  of  the  Secretion, 

If  it  is  granted  that  the  secretion  excited  by  the  presence  of 
the  salt  is  derived  almost  entirely  from  the  mucous  membrane 
of  the  small  intestine,  it  still  remains  to  be  decided  what  is  the 
nature  of  the  secretion.  Among  those  who  admit  that  the 
purgative  does  excite  secretion  there  is  much  difference  of 
opinion  as  to  this,  some  maintaining  that  it  is  a  true  succua 
entericus,  others  that  it  is  an  exudation,  and  others  that  it  is  a 
transudation.  Before  proceeding  to  determine  to  which  of  these 
forms  of  secretion  the  purgative  fluid  is  by  its  characters  most 
closely  allied,  it  will  be  well  to  briefly  define  what  we  under- 
stand by  each  of  these  varieties  of  secretion. 

An  exudation  is  a  fluid  which  is  poured  out  by  the  vessels  of 
a  tissue  in  a  state  of  inflammation  produced  by  irritation  or 
otherwise.  Of  all  the  fluids  met  with  in  the  body  and  outside  the 
blood  and  lymph  vessels,  it  is  that  which  most  approaches  in 
composition  the  blood-serum;  and,  like  the  serum,  it  contains 
a  large  amount  of  organic  matter,  particularly  of  coagulable 
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albnmeD,  and  it  abounds  also  in  leucocytes.  Further,  the 
inSamed  condition  of  the  tissue  producing  the  exudation  is 
generally  evidenced  by  the  unusual  distension  of  its  blood- 
vessels,  and  consequent  redness. 

The  term  transudation  is  often  indifferently  applied  to  an 
inflammatory  or  a  dropsical  effusion.  Here,  however,  we  shall 
use  it  in  its  stricter  sense,  and  apply  it  only  to  a  fluid  possessing 
a  dropsical  character,  which  may  be,  and  most  commonly  is, 
secreted  independent  of  any  inflammation  of  the  organ  or  tissue 
from  which  it  proceeds,  and  is  generally  the  result  of  changes  in 
the  pressure  or  composition  of  the  blood. 

The  transudation  resembles  the  exudation  qualitatively  in  its 
composition,  but  contains  much  less  organic  matter.  Both  fluids 
yield  a  very  distinct  coagulum  of  albumen  when  heated, 
especially  the  exudation.  Apart  from  the  circumstances  which 
occasion  their  production,  and  which  are  often  difl&cult  to  deter- 
mine, the  exudation  and  the  transudation  are  mainly  to  be 
distinguished  from  each  other  by  the  difference  in  the  quantity 
of  organic  matter  they  contain.  And  it  is  relying  upon  this 
difference,  and  on  the  presence  or  absence  of  inflammation  of  the 
intestinal  mucous  membrane,  that  certain  previous  observers 
have  regarded  the  purgative  secretion  as  being  of  the  nature 
of  an  exudation  or  of  a  transudation. 

The  succus  entericus,  or  intestinal  juice,  is  a  secretion  whose 
characters  are  very  imperfectly  known.  This  arises  from  the 
great  difficulty  experienced  in  obtaining  it  pure  and  in  sufficient 
quantity  to  permit  of  its  analysis.  Thiry  gives  an  analysis  *  of 
some  juice  obtained  by  prolonged  mechanical  stimulation  of  an 
intestinal  fistula,  made  by  an  operation  which  I  have  already 
described  f  but  as  the  fistula  behaved  towards  purgative  salts  in 
a  manner  contrary  to  what  we  now  know  to  be  natural,  we  may 
conclude  that  the  secretion  thus  obtained  was  as  much  an 
exudation  from  irritation  as  a  true  intestinal  juice,  and  its 
chemical  composition  supports  this  view.  Moreau  procured  a 
copious  secretion  from  a  loop  of  the  intestines  after  complete 
division  of  its  mesenteric  nerves,  and  notwithstanding  Yulpian's 
objections,  it  is  probable  from  various  reasons,  sonie  of  which  T 

1  Hoppe-Seyler's  Physiologisehe  Chemie,  S.  273. 
*  Supra,  voL  xvi.  p.  260. 
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have  already  given,  that  this  secretion  is  a  true  succus  entericus,  ^ 
and  not  a  mere  exudation  or  transudation.  This  opinion  has 
quite  recently  received  support  in  a  paper  on  intestinal 
digestion  by  Dr.  Meade  Smitb.^  Dr.  Smith,  by  establishing  a 
permanent  fistula  in  the  lower  part  of  the  duodenum  of  a  dog, 
and  inserting  into  it  an  ordinary  Bernard  gastric  cannula,  and 
by  occluding  the  intestine  a  few  inches  above  and  below  the 
fistula  by  means  of  two  distended  india-rubber  balls,  has,  after 
washing  out  the  portion  of  gut  between  the  balls,  obtained  as 
much  as  20  to  40  c.c.  of  secretion  from  12  inches  of  intestine,  and 
that  without  the  application  of  stimulation.  The  secretion  thus 
obtained  possesses  almost  exactly  the  same  composition  as  that 
of  Moreau.  The  most  remarkable  feature  of  intestinal  secretion 
is  that  it  contains  a  very  small  quantity  of  organic  matter — 
in  Moreau's  secretion,  0*39  per  cent.,  and  in  Smith's  secretion, 
0*54  per  cent.  We  may,  therefore,  with  tolerable  safety  con- 
clude, in  spite  of  the  observations  of  Thiry  and  others,  that  a 
very  small  percentage  of  organic  matter  is  a  constant  character 
of  intestinal  juice.  It  is  upon  this  distinction  that  I  shall  mainly 
rely  for  the  determination  of  the  nature  of  the  purgative  secretion. 

Certain  other  characters  have  been  ascribed  to  intestinal  juice, 
which  ought  to  help  us  to  distinguish  it  from  an  exudation  or  a 
transudation.  It  is  said  to  be  able  to  digest  starch,  invert  sugar, 
emulsify  fat  and  peptonise  albumen.  Much  variety  of  opinion, 
however,  exists  as  to  its  having  any  or  all  of  these  properties. 
I  shall  immediately  consider  to  what  extent  these  properties  are 
possessed  by  the  purgative  fluid. 

With  the  object  of  facilitating  the  comparison  of  the  purgative 


ExndAtion.' 

Peritoneal 
TrttiiBudaUon.4 

Saccns  Entertcns. 

Morcan.* 

Smith. 

Percentage  of  Solids, 
Organic, 
Inorganic,  . 

8-15 
7-26 
0-90 

8  03 
1-92 
079 

1-84 
0*89 
0-95 

114 
0-64 
0-60 

secretion  with  the  exudation,  transudation,  and  intestinal  juice, 
I  have  thought  it  desirable  to  give  a  precise  statement  of  the 

^  Supra^  vol.  xvi.  p.  247  and  248. 
«  Meade  Smith,  Medical  News,  Philad.,  April  16,  1882. 
'  Hoppe-Seyler*8  Physiologiache  Chemie,  S.  610. 
*/Wd.,S.  608.  »/Wrf.,S.  272. 
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percentage  of  solids  in  the  latter,  especially  of  the  organic 
matter,  which  consists  mainly  of  albumen. 

An  acute  exudation  hardly  differs  in  composition  from  blood- 
serum,  and  varies  extremely  little  with  the  locality  of  the  body 
in  which  it  occurs.  It  is  otherwise  with  the  transudation,  as  the 
quantity  of  its  organic  matter  depends  largely  on  the  situation  of 
the  transudation,  being  sometimes  a  little  less,  but  generally 
much  greater,  than  that  contained  in  a  peritoneal  transudation, 
which,  in  the  absence  of  any  analysis  of  a  transudation  from  a 
mucous  membrane,  I  have  selected  partly  from  its  proximity  to 
the  intestines,  and  partly  from  its  representing  the  class  of 
transudates  with  a  small  percentage  of  organic  matter,  as 
ofifenng  the  only  possible  standard  of  comparison  for  the  pur- 
gative secretion. 

If  a  comparison  be  now  instituted  between  these  various 
secretions  and  the  purgative  fluid,  it  wiU  be  found  that  the 
latter  most  nearly  agrees  in  composition  with  the  intestinal 
juice  of  Moreau  or  Smith.  For,  although  I  very  frequently 
examined  it  for  albumen,  I  never  found  more  than  the  merest 
trace  (B.  Series  of  Experiments),  as  indicated  by  a  faint 
opalescence  on  acidification  and  heating,  or  by  the  application  of 
other  tests  for  albumen.  I  regret  that  it  has  been  impossible  to 
procure  exact  quantitative  analyses  of  the  purgative  secretion, 
as  the  presence  of  the  purgative  salt  and  of  epithelial  debris  from 
the  intestinal  mucous  membrane  interfered  with  an  accurate 
determination  of  the  organic  and  inorganic  solids.  The  quantity 
of  the  salt  was  very  large  in  proportion  to  the  solids  of  the  secre- 
tion, and  after  the  evaporation  of  the  fluid  it  was  impossible  to 
be  certain  that  the  sulphate  of  soda,  the  salt  generally  employed, 
and  which  contains  a  large  quantity  of  water  of  crystallisation, 
was  present  in  its  usual  form,  and  not  to  any  extent  decomposed, 
or  crystallised  with  less  water.  For,  from  the  weight  of  this 
residue  and  of  its  ash  after  burning,  and  from  the  estimation  of 
the  sulphate  of  soda  present,  had  to  be  determined  the  amount 
of  organic  matter.  Notwithstanding  these  difficulties,  I  did  on 
one  occasion  attempt  a  quantitative  analysis  of  the  fluid  obtained 
from  the  action  of  10  c.c.  of  a  20  per  cent,  solution  of  the  salt  in 
a  previously  well-washed  loop  of  the  small  intestine,  60  cm.  in 
length.    The  cat   was  killed  after  three  hours,  and  the  fluid 
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measared  89  c.a  The  fluid  was  filtered  to  remove  from  it  as 
well  as  possible  the  epithelial  debris,  and  was  then  evaporated 
to  dryness,  the  residue  weighing  3*225  grammes.  The  weight  of 
the  crystalline  sulphate  of  soda  recovered  was  1'562  grammes, 
which,  after  deduction  from  the  total  residue,  leaves  1*663 
grammes,  or  the  amount  of  solids  present  in  the  purgative 
secretion.  Of  these  solids  0*810  gramme  was  inorganic,  and 
and  0*853  organia  The  percentage,  therefore,  of  organic  matter, 
although  higher  than  that  of  the  succus  entericus,  was  not  nearly 
so  great  as  that  of  an  exudation,  and  was  considerably  less  than 
that  of  a  transudation.  A  portion  of  the  organic  matter  was 
doubtless  composed  of  the  finer  epithelial  debris  which  might 
readily  have  passed  through  the  filter. 

As  the  percentage  of  inorganic  matter  in  the  exudation, 
transudation  and  enteric  juice  is  practically  the  same  for  all, 
its  percentage  in  the  purgative  fluid  can  afford  no  help  in 
determining  the  nature  of  the  fluid.  Apart  from  such  an  object, 
it  is  remarkable,  however,  that  the  purgative  dejections  con- 
tained a  large  proportion  of  ash,  as  is  apparent  from  the  analyses 
accompanying  the  experiments  of  Series  A.  and  some  of  Series  D. 
(LIX.  and  LXVI.);  and  the  larger  the  interval  between  the 
administration  of  the  salt  and  the  occurrence  of  purgation  the 
greater  appears  to  be  the  percentage  of  ash  (Experiment 
XXIII.  and  p.  281,  vol  xvi.). 

The  large  quantity  of  inorganic  matter  is  probably  not  due 
to  the  secretion,  as  it  is  poured  out  from  the  intestinal  mucous 
membrane,  containing  a  larger  percentage  of  salts  than  the  blood, 
but  to  the  condensation,  so  to  speak,  of  the  secreted  fluid  in  the 
lower  part  of  the  intestines  by  the  absorption  of  its  water  at  a 
greater  rate  than  of  its  dissolved  salts,  in  the  manner  I  have 
already  explained  in  connection  with  the  return  of  the  acid  of 
the  purgative  salt  to  the  alimentary  canal  Whatever  be  the 
exact  nature  of  the  phenomena  involved,  we  are  not  warranted  in 
assuming  that  the  poured-out  secretion  is  excessively  rich  in 
saline  matter,  for  no  secretion  contains  a  larger  percentage  of 
salts  than  the  blood  from  which  it  is  primarily  derived.  The 
urine  is  an  exception,  but  the  structural  conditions  of  the 
secreting  organ  account  for  its  occupying  an  anomalous 
position 
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Besides  the  small  amount  of  albumen  or  organic  matter  in 
the  purgative  secretion,  which  has  been  as  yet  the  principal 
reason  advanced  for  regarding  the  secretion  as  consisting  of 
intestinal  juice,  there  is  also  the  presence,  frequently  in  large 
quantity,  of  mucus,  a  substance  which  one  would  be  more  likely 
to  find  in  a  physiological  secretion  than  in  an  inflammatory 
exudation.  I  have  more  than  once  in  the  course  of  this  com- 
munication insisted  upon  this  fact  as  testifying  to  the  true 
secretory  character  of  the  purgative  fluid.  I  do  not,  however, 
wish  to  present  this  point  strongly,  as  I  believe  that  the  mucus 
forms  no  essential  part  of  the  secretion  from  the  Lieberklihnian 
follicles,  but  is  produced,  in  all  probability,  most  largely  from 
the  superficial  epthelium  of  the  mucous  membrane.  Moreau's 
secretion  possessed  extremely  little  viscosity. 

Another  most  important  fact,  and  one  which  strongly  weighs 
against  the  exudative  character  of  the  fluid,  is  the  absence  of 
any  trace  of  inflammation  in  the  intestinal  mucous  membrane. 
Many  previous  observers,  particularly  Vulpian,  have  maintained 
that  the  salt  excites  inflammation  of  the  intestinal  mucous 
membrane.  But  this  result  they  obtained  from  the  injection  of 
a  saturated  solution  of  the  cathartic  into  an  intestinal  loop,  an 
experiment  which  does  not  represent  what  naturally  occurs 
when  the  purgative  is  administered  per  os.  Weaker  solutions, 
even  a  20  per  cent,  solution,  as  my  numerous  experiments 
almost  without  exception  prove,  never  cause  the  slightest 
visible  redness  or  inflammation  of  the  intestine. 

The  microscopical  -characters  of  the  purgative  fluid  do  not 
help  us  much  in  deciding  as  to  its  nature.  The  fluid  usually 
contained  a  number  of  colourless  corpuscles,  and  in  some 
instances  they  were  tolerably  abundant,  especially  in  the 
mucous  deposit  If  these  are  to  be  regarded  as  leucocytes  or 
lymph-corpuscles,  their  presence  is  indicative  of  the  inflammatory 
character  of  the  fluid.  But  more  probably  they  are  mucous 
corpuscles;  and  it  may  be  that  they  are  formed  from  the 
protoplasmic  contents  of  the  epithelial  cells  of  the  villi,  which 
I  have  generally  observed,  by  microscopical  examination,  to 
become  goblet-shaped  and  partially  empty  after  the  action  of 
the  salt. 

I  now  proceed  to  consider  what  evidence  there  is  of  the 
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purgative  secretion  being  a  true  euccus  entericus  from  an 
examination  of  its  digestive  properties.  This  is  a  matter  of 
some  difficulty  for  the  pharmacologist,  as  the  physiologist  has 
not  as  yet  precisely  defined  the  extent  and  even  the  nature  of 
these  properties.  The  more  recent  investigators  assign  to  it  the 
power  of  converting  starch  into  sugar,  cane-sugar  into  grape- 
sugar,  and,  doubtfully,  albumen  into  peptones,  and  fat  into  fatty 
acids  and  glycerine;  but  none  of  them  has  attempted  to  fix 
the  limit  of  these  powers,  a  point  most  essential  in  ascertaining 
whether  or  not  the  purgative  secretion  consists  entirely  of  intes- 
tinal juice  or  is  a  mixture  of  the  juice  with  a  large  proportion 
of  exudation  or  transudation.  In  both  cases  the  fluid  would 
digest  starch  and  sugar,  but  in  the  former  more  powerfully  than 
in  the  latter.  As  it  is  difficult  to  conceive  of  even  a  purely 
inflammatory  exudation  from  a  secreting  membrane  being 
unmixed  to  some  extent  with  the  natural  secretion  of  the 
membrane,  a  mere  qualitative  proof  of  the  digestive  power  of 
the  fluid  is  of  no  value ;  it  is  necessary  also  to  know  the  limit 
of  this  power.  In  order,  therefore,  to  provide  myself  with  some 
data  of  the  absolute  strength,  as  well  as  of  the  exact  nature  of 
the  digestive  action  of  the  normal  intestinal  juice,  I  made 
infusions  of  well-washed  intestinal  mucous  membrane,  since  it 
was  difficult  to  obtain  the  juice  itself  by  ordinary  stimulation  of 
the  living  intestine.  Infusions  of  secreting  organs,  if  not  n^ade 
too  dilute,  are  well  known  to  be  often  quite  as  active  as  the 
usual  secretion  of  the  organ.  I  also  prepared  infusions  of  other 
tissues  and  organs  of  the  body,  and  compared  their  activity  with 
that  of  the  intestine.  Several  extensive  experiments  of  this 
kind  were  made.  The  tissue  or  organ  was  removed  from  a 
fasting  animal  immediately  after  being  bled  to  death;  it  was 
at  once  weighed  and  cut  up  into  minute  pieces,  and  infused  for 
twenty-four  hours  in  four  times  its  weight  of  a  1  per  cent, 
solution  of  chloride  of  sodium.  Five  c.c.  of  the  infusion  were 
mixed  with  10  c.c.  of  a  1  per  cent,  solution  of  starch,  and 
another  5  c.c.  with  10  c.c.  of  a  1  per  cent,  solution  of  cane- 
sugar,  all  of  which  were  previously  ascertained  to  contain  no 
glucose.  The  mixed  fluids  were  placed  in  an  oven  at  a  tempera- 
ture of  35-40°  C,  and  the  first  apperance  of  glucose  was  ascer- 
tained by  repeated  testing  with  Fehling's  solution.    To  ensure 
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accoracy  many  little  precautions  were  necessary  which  it  is 
needless  to  detail.  Sometimes  5  cc.  of  the  infusion  were  mixed 
with  100  cc.  of  a  1  per  cent,  or  with  50  cc.  of  a  2  pet 
cent  solution  of  starch  or  cane-sugar,  and  allowed  to  digest  for 
forty-eight  hours,  when  the  amount  of  digested  starch  or  sugar 
was  quantitatively  determined.  The  animals  used  were  the  cat, 
dog,  and  rabbit  I  shall  confine  myself  for  the  present  to  a 
statement  of  the  results  of  my  experiments  with  the  first  of 
these. 


TiBsue  or  Organ 
infoBed. 

BXPBRIMBKT  CXX. 

EXPIBDCXNT  CXXI. 

Time  in  which  Glucose 

Amount 

of 

Sugar 

from 
Starch.^ 

Time  in  which  Olucoro 
appeared  in 

starch  Solu- 
tion, i 

Cane-Sngar 
Solution.' 

Starch  Solu- 
tion.i 

Cane-Sugar 
Solution.' 

Duodenum, . 

Jejonam, 
Heum, 

Colon, 

OBsophagus, 

stomach, 

Pancreas, 
Moscle, 

Blood-serum,  * 

h.  m. 
2  15    1 

2  30 

3  0 

2  45 
8    0 

3  0 

at  once 
8  45 

3    0 

h.  m. 
never 

appeared 

1  45 
12  20 
never 

appeared 

grms. 

{  0-047 

0  031 
0019 

1  0032 
0012 
0-018 
0-8824 
0-020 

0-035 

h.  m. 

1  46 

2  0 
2     0 

2  80    1 

2  15    1 
at  once 

2  30    1 

h.  m. 

2  30       , 

2  80 

4     0 

never 

appeared 

never 

appeared 

>i 

never 
appeared 

From  these  and  other  experiments  I  have  concluded  that  the 
only  ferment  peculiar  to  the  small  intestine  is  the  cane-sugar 
ferment  or  the  "ferment  inversif  "  of  Bernard,  and  that  the 
intestines  do  not  contain  more  of  the  diastatic  ferment  than  is 
to  be  found  in  the  tissues  and  fluids  of  the  body  generally.  The 
apparent  greater  activity  which  the  duodenum  exhibits  is  due  to 

*  Five  cc.  of  infusion  mixed  with  10  cc.  of  1  per  cent  solution  of  starch. 

'  Five  cc  of  infusion^  mixed  with  10  cc  of  1  per  cent,  solution  of  cane- 
sugar. 

'  Five  cc  of  infusion  mixed  with  50  cc.  of  1  per  cent  solution  of  starch, 
allowed  to  digest  for  forty-eight  hours. 

*  Gave  no  blue  colour  with  iodine. 

^  The  serum  was,  previous  to  measuring  the  5  cc,  diluted  with  four  times  itH 
bulk  of  water. 
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the  presence  of  a  small  quantity  of  pancreatic  secretion  which 
has  soaked  into  the  macous  membrane,  and  which  the  washing 
has  failed  to  remove.  If  the  intestinal  juice  contain  more 
diastatic  ferment  than  these  experiments  indicate,  it  must  be 
formed  in  the  glands  at  the  moment  of  its  secretion,  and  cannot 
be  stored  up  to  any  extent  as  are  the  ferments  of  the  pancreatic, 
salivary,  and  gastric  glands.  But  I  do  not  believe  that  the 
intestinal  glands  are  exceptional  in  this  respect  The  intestinal 
juice,  therefoi^,  is  probably  not  richer  than  serum  in  the  starch- 
digesting  ferment  The  presence,  accordingly,  of  this  ferment  in 
the  purgative  secretion  is  no  proof  of  the  fluid  being  the  intestinal 
juice  and  not  an  exudation  or  transudation. 

Although  it  would  thus  appear  that  an  examination  of  the 
digestive  powers  of  the  purgative  secretion,  particularly  of  its 
diastatic  action,  will  help  but  little  to  decide  what  the  nature  of 
the  secretion  is,  yet  it  will  not  be  altogether  uninteresting  to 
consider  the  results  of  such  an  examination.  I  have  tested  the 
digestive  powers  of  a  very  large  number  of  the  purgative  secre- 
tions. Only  those  results  are  of  value  where  the  intestine, 
previous  to  injecting  the  salt,  has  been  well  washed  out,  so  as  to 
remove  every  trace  of  the  pancreatic  and  other  secretiona  This, 
however,  it  is  difficult  to  accomplish  thoroughly,  as  prolonged  or 
vigorous  washing  is  apt  to  injure  the  mucous  lining  of  the  living 
intestine.  It  is  to  be  expected,  therefore,  that  the  diastatic 
action  of  the  purgative  secretion  will  have  its  power  increased 
by  the  presence  of  a  trace  of  pancreatic  juice,  and  that  the 
succus  entericus  poured  out  as  a  consequence  of  the  stimulation 
of  the  cathartic,  will  appear  to  possess  a  more  powerful  diastatic 
action  than  the  two  last  experiments  might  lead  us  to  anticipate. 
And  that  this  is  so  the  subjoined  experiments  prove.  The  pro- 
portion of  the  inversive  ferment  present  is,  however,  much  the 
same  as  it  was  in  the  infusion  of  the  normal  mucous  membrane. 

The  fluids  (4)  and  (5)  were  both  obtained  from  different  loops 
of  the  small  intestine  of  the  same  cat,  the  former  after  the  action 
of  a  20  per  cent  solution  of  sulphate  of  soda,  the  latter  after  an 
equally  strong  solution  of  chloride  of  sodiuuL  The  mucous 
membrane  of  the  chloride  of  sodium  loop  was  much  inflamed, 
and  the  fluid  contained  a  considerable  quantity  of  albumen. 
Fluid  (6)  was  obtained  by  the  injection  of  a  20  per  cent 


Digitized  by 


Google 


THE  ACTION  OF  SAUNl  CATHARTICS. 


419 


solution  of  phosphate  of  soda,  and  (7)  by  the  injection  of  a  20 
per  cent  solution  of  sulphate  of  magnesia.  In  the  first  three 
experiments  sulphate  of  soda  was  employed,  and,  in  all,  the 
method  of  the  application  of  the  salt  was  that  of  Ck)lin  and 
Morean. 


No.  of 
Experiment. 

Part  of  Intestine 

from  wliich 

Purgative 

Secretion  wai 

obtained. 

Digestion  of  Starch. 

Digestion  of  Cane^ogsr. 

Time  in 

which 

Maltose 

appeared.! 

Amount  of 

Maltose 

formed  after 

48  hours.* 

Time  in 

which 

Invert-Sugar 

appeared.* 

Amount  of 

Invert-Sugar 

formed  in 

48  hours.* 

1.  (XLVII.) 

2.  (XLIX.) 

3.  (LII.) 
4. 

5. 

7. 

nexun 
If 

Jejanum 
»i 

Ileum 

h.  m. 
0  80 
0  16 
0  30 
0  10 
0  15 

0  10 

1  80 

grms. 
0-128 
0-489* 

0-192 
0-097 

h.  m. 
6     0 

i*"o 

2  15 
2  15 
0  85 
2  15 

grms. 
0  081 
0-093 

0-076 
0-189 

The  secretion  provoked  within  the  small  intestine  by  the 
presence  of  a  saline  purgative,  contains,  therefore,  very  little  of 
either  the  amylolytic  or  the  inversive  ferment,  but  probably  as 
much  of  each  as  the  true  intestinal  juice  would  appear  to  possess, 
if  the  digestive  powers  of  a  strong  infusion  of  the  intestinal 
mucous  membrane  may  be  regarded  as  fairly  representing  the 
digestive  activity  of  the  juice  itself. 

While  the  comparison  I  have  instituted  between  the  digestive 
powers  of  the  purgative  secretion  and  those  of  the  intestinal 
juice  offers  little  or  no  positive  evidence  of  the  former  consisting 
of  the  latter,  yet  it  presents  no  objection  to  the  acceptance  of 
this  opinion.  It  is  to  be  remarked  that  blood-serum  contains  as 
much  diastatic  ferment  as  the  intestinal  mucous  membrane, 
and  it  is  probable  that  an  inflammatory  exudation  will  contain 
as  much  of  the  ferment  as  the  serum,  from  which  it  is  so  imme- 
diately derived.  Accordingly,  it  must  be  conceded  in  support  of 
Vulpian's  view,  that,  were  the  purgative  secretion  an  exudation 

*  Five  C.C  of  pnrgatiye  flnid  mixed  with  10  c.c.  of  1  per  cent,  solation  of  starch. 
'  Five  c.c.  of  purgative  fluid  mixed  with  100  c.c.  of  1  per  cent  solation  of  starch. 

*  Fivecc.  of  purgative  fluid  mixed  with  10  cc  of  1  per  cent  solution  of  cane- 

sugar. 

*  Five  cc.  of  purgative  fluid  mixed  with  100  cc.  of  1  per  cent  solution  of 

cane-sugar. 
'  Deep  blue  with  iodine  at  end  of  forty-eight  hours. 
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instead  of  true  intestinal  juice,  its  diastatic  power  would  be  as 
high  as  it  was  actually  found  to  be. 

In  the  protocols  of  some  of  the  experiments  of  Series  K  and 
of  Series  D.,  there  exist  some  estimations  of  the  fat-  and  albumen- 
digesting  powers  of  the  purgative  fluid,  which  show  that  these 
powers  are  scarcely,  if  at  all,  possessed  by  the  fluid;  neither  have 
they  been  ascribed  to  the  succus  entericus,  or,  if  so,  only  to  a 
very  limited  extent.  Indeed,  it  is  highly  probable  that  the 
succus  entericus  is  a  secretion  which,  physiologically,  is  of  most 
service  as  a  solvent  and  diluent  of  the  food  that  has  already 
been  digested  by  the  action  of  the  gastric,  pancreatic,  and  biliary 
ferments,  and  that  its  digestive  function  is  of  the  smallest 
importance,  unless  for  the  conversion  of  cane  into  grape  sugar, 
the  ferment  for  effecting  this  change  existing  nowhere  else  in 
the  body. 

Taking  into  consideration  the  various  characters,  chemical, 
microscopical,  and  digestive,  of  the  purgative  secretion,  which  I 
have  given  in  detail,  and  remembering  that  tlie  intestinal 
mucous  membrane  presents  no  trace  of  inflammation  from  the 
action  of  the  salt,  the  conclusion  which  I  have  arrived  at  is  that 
the  secretion  is  mainly  obtained  from  the  follicular  glands  of  the 
intestines,  and  is,  therefore,  for  the  most  part  a  true  intestinal 
juica  It  contains  too  little  albumen,  and  there  is  no  evidence 
of  inflammation  to  constitute  it  an  exudation.  And  it  can 
hardly  be  regarded  as  a  transudation,  even  were  its  characters 
not  other  than  those  which  an  intestinal  transudate  might 
possess  ;  for  the  conditions  which  occasion  a  transudation  in  the 
body  are  always  associated  with  a  decided  alteration  of  the  com- 
position or  pressure  of  the  blood,  which  alteration  cannot  be 
proved  to  occur  after  the  administration  of  a  saline  catliartic, 
to  the  extent  of  causing  a  rapid  localised  intestinal  transuda- 
tion. 

IV.  The  Mode  of  the  Production  or  JExcUation  of  the 
Secretion, 

This  depends  considerably  on  what  the  nature  of  the  secretion 
is  admitted  to  be.  If  it  be  an  inflammatory  exudation,  as 
Yulpian  seems  inclined  to  hold,  then  it  is  produced  by 
the  salt  irritating  and  dilating  the  superficial  vessels  of  the 
intestinal  mucous  membrane,  causing  a  stasis  of  the  blood- 


Digitized  by 


Google 


THE   ACTION  OF   SALINE   CATHARTICS.  421 

curreDt,  and  an  outpouriiig  of  serum.  This  would  equally 
well  happen  were  the  salt  applied  to  a  mucous  membrane 
devoid  of  special  glands.  But  I  have  just  stated  my  reasons 
for  believing  that  such  an  inflammatory  irritation  does  not 
occur. 

If,  as  Schmidt  and  a  few  others  have  suggested,  the  fluid  be  a 
transudation,  we  must  suppose  that  the  salt  affects  the  composi- 
tion or  pressure  of  the  blood  so  as  to  allow  of  a  modified  serum 
being  transuded  through  the  walls  of  the  blood-vessels  of  the 
intestinal  mucous  membrane.  Such  an  alteration  of  the  blood 
I  have  already  said  does  not  occur.  And,  were  the  transudation 
the  result  of  the  action  of  the  salt  on  the  blood,  we  would 
expect  purgation  to  be  the  most  active  after  the  direct  injection 
of  tlie  salt  into  the  blood,  whereas  the  experiments  of  Series  E. 
have  distinctly  proved  that  the  salt  possesses  no  cathartic  action 
whatever  when  so  injected.  But  although  the  purgative  secretion 
cannot  therefore  be  a  transudation  resulting  from  the  action  of 
the  salt  on  the  blood,  it  may  be  urged  that  it  is  a  transudation 
proceeding  from  the  salt  effecting  certain  peculiar  changes  in 
the  vessels  and  epithelial  covering  of  the  intestinal  mucous 
membrane.  It  is  very  diflicult,  however,  to  conceive  of  such 
changes,  and  there  is  no  proof  whatever  of  their  occurrence. 
There  is  yet  another  possible  method  by  which  the  purgative 
secretion  may  be  a  transudation,  and  which  does  not  necessarily 
involve  any  alteration  of  the  structure  or  function  of  the 
intestinal  lining.  I  refer  to  osmosis,  the  probability  of  whose 
occurrence  was  first  maintained  by  Liebig  and  Poiseuille,  and 
afterwards  by  Funke,  Heidenhain,  and  others.  These  observers 
evidently  supposed  that,  with  the  vessel  wall  and  the  intestinal 
epithelium  and  the  intervening  tissue,  all  acting  as  a  septum,  the 
osmotic  power  of  the  salt  could  come  into  play  and  abstract  from 
the  blood  a  fluid  or  secretion  having  the  characters  of  a 
transudate.  It  is,  however,  highly  improbable  that  such  a 
septum  as  this,  formed  of  living  tissues,  can  behave  towards 
saline  solutions  in  the  same  manner  as  a  septum  of  parchment 
or  dried  bladder.  At  any  rate,  I  have  been  able  to  prove  to  my 
satisfaction  that  the  purgative  secretion  is  not  the  result  of  the 
endosmotic  action  of  the  salt  What  this  proof  consists  of,  I 
shall  come  to  immediately.    In  the  meantime,  holding  it  as 
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established  that  the  purgative  secretion  is  neither  an  eKudation 
nor  a  transudation,  but  consists  of  intestinal  juice,  I  shall 
endeavour  to  elucidate  how  the  stimulation  of  the  Liberklihnian 
glands  is  effected  by  the  salt. 

The  salt  may  excite  the  activity  of  the  secreting  cells  of  the 
follicular  glands  of  the  intestines,  either  by  coming  directly  into 
contact  with  the  cells,  or  by  acting  on  them  reflexly  through  the 
agency  of  the  intra-intestinal  nerves.  Owing  to  the  cells  beiog 
deeply  situated  within  the  gland,  and  removed  from  contact 
with  the  contents  of  the  intestine,  it  is  not  likely  that  the  salt 
acts  directly  on  the  cells.  Even  were  it  supposed  that  the  salt 
could  diffuse  into  the  cavity  of  the  gland  and  thus  reach  the 
cells,  it  could  hardly  reach  the  cells  more  readily  than  if  it  had 
been  injected  into  the  blood.  For,  dissolved  in  the  blood,  it 
would,  by  means  of  the  blood-vessels  of  the  intestinal  mucosa,  be 
brought  into  the  closest  proximity  to  the  glandular  cells.  Tet, 
as  I  have  frequently  had  occasion  to  mention,  the  salt,  although 
injected  into  the  blood  in  large  quantity,  does  not  excite  a  drop 
of  intestinal  secretion.  As  little,  therefore,  may  the  salt 
stimulate  the  secreting  cells  when  it  reaches  them,  and  neces- 
sarily in  a  state  of  dilution,  by  direct  diffusion  from  the  lumen 
of  the  intestine.  A  saline  cathartic  evidently  possesses  no 
special  excito-secretory  power  over  the  glands  of  the  intestine,  such 
as  is  well  known  to  be  possessed  by  many  other  substances,  as 
pilocarpiu,  the  salts  of  arsenic,  antimony,  mercury,  iron,  tin,  &c., 
all  of  which  excite  intestinal  secretion  even  when  injected  into 
the  blood.  The  saline  cathartic,  therefore,  would  appear  to 
stimulate  the  glands  reflexly,  by  producing  a  certain  impression 
on  the  sensory  nerves  terminating  in  the  surface  of  the  mucous 
membrane  of  the  intestine,  which  impression,  conveyed,  probably 
through  Meissner's  plexus,  to  the  secretory  cells  of  the  gland, 
excites  them  to  action ;  just  as  certain  sapid  and  other  substances 
can  stimulate  the  salivary  glands  when  brought  into  contact  with 
the  mucous  membrane  of  the  mouth. 

Besides  direct  or  indirect  excitation  of  the  glands,  there  is 
yet  another  way  in  which  it  is  possible  for  the  salt  to  abstract 
secretion  from  the  glands.  I  once  more  allude  to  osmosis.  This 
implies  that  the  salt  penetrates  the  cavity  of  the  gland  and 
establishes  osmotic  relations  with  the  contents  of  the  secreting 
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cells,  which,  as  they  part  with  their  fluid  to  the  salt,  have  their 
fluidity  restored  by  an  absorption  of  liquid  from  the  blood. 
"I  have  already  expressed  the  opinion  that  the  salt  does  not 
penetrate  freely  into  the  cavity  of  the  gland,  and  certainly  not 
in  a  state  of  concentration  sufficient  to  exert  an  appreciable 
osmotic  eflect  on  the  secretory  cells. 

If,  then,  it  be  maintained  that  the  secretion  excited  by  the  salt 
is  for  the  most  part  intestinal  juice,  and  that  the  outpouring  of 
tlie  juice  is  the  consequence  of  a  reflex  stimulation  of  the  glands 
by  the  salt  applied  to  the  surface  of  the  mucous  membrane,  it 
behoves  us  in  the  next  place  to  inquire  what  are  the  properties 
possessed  by  cathartic  salts  which  enable  them  thus  to  act,  and 
otherwise  to  cause  purgation. 

The  group  of  the  saline  cathartics  consists,  as  is  well  known, 
of  certain  of  the  compounds  of  the  alkalies  and  alkaline  earths 
(usually  potash,  soda,  and  magnesia),  with  mineral  and  organic 
acids  devoid  of  intrinsic  poisonous  action,  as  sulphuric, 
phosphoric,  tartaric,  and  citric  acids.  Indeed,  it  may  be  broadly 
stated  that  any  saline  compound,  whose  acid  or  base  does  not 
possess  a  strongly  specific  action,  will,  if  the  dose  be  large 
enough,  produce  purgation.  But,  although  the  number  of 
possible  saline  cathartics  is  thus  large,  and  might  include  amongst 
others  the  alkaline  chlorides,  nitrates,  and  acetates,  yet  the 
application  of  the  name  saline  cathartic  is  restricted  in  ordinary 
usage  to  a  few  salts,  which  by  experience  have  been  found  to 
purge  in  a  moderate  dose  and  unattended  by  any  disagreeable 
manifestation  of  the  specific  action  of  the  metal  or  acid  of  the  salt 
These  salts  are  the  sulphate  of  soda,  sulphate  of  magnesia, 
sulphate  of  potash,  phosphate  of  soda,  tartrate  and  bitartrate  of 
potash,  tartrate  of  soda  and  potash,  citrate  of  potash,  citrate  of 
soda,  and  citrate  of  magnesia,  the  last  three  being  more  rarely 
employed  than  the  others.  In  virtue  of  what  particular  proper- 
tics,  it  may  be  asked,  have  these  salts  been  found  to  be  more 
serviceable  cathartics  than  other  similar  salts  without  specific 
action,  as,  for  example,  the  chloride  of  sodium  and  the  acetate 
of  potash  ?  It  is  certainly  not  on  account  of  any  difference  in 
their  solubility  as  compared  with  other  simple  salines.  Nor  can 
it  be  entirely  due  to  their  being  more  irritant  than  other  salts 
towards  living  tissues,  and,  therefore,  towards  the   intestinal 
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mucous  membrane.  This  is  an  important  point,  for  if  the  sup- 
position as  to  the  purgative  secretion  being  an  inflammatory 
exudation  and  the  result  of  irritation  were  correct,  the  more 
irritant  salt  would  be  the  better  purgative.  Yet  chloride  of 
sodium,  although  a  weaker  purgative  than  sulphate  of  soda  or 
sulphate  of  magnesia,  is  a  much  stronger  irritant.  I  have  more 
than  once  injected  a  solution  of  chloride  of  sodium  into  the  loop 
of  a  cat's  intestine,  and  observed  that  it  invariably  caused  con- 
siderable reddening  and  inflammation  of  the  mucous  membrane 
of  the  loop,  and  that  a  large  amount  of  albumen  was  present  in 
the  secretion ;  wliereas  a  solution  of  aa  ordinary  purgative  salt  of 
the  same,  or  even  twice  the  same,  strength  caused  no  redness 
whatever.  The  irritant  character  of  the  purgative  salts  cannot, 
therefore,  at  any  rate  wholly  account  for  their  peculiar  action. 

I  am  strongly  inclined  to  believe  that  the  particular  character  of 
a  saline  cathartic,  which  enables  it  so  much  more  powerfully  than 
non-purgative  salts  to  produce  such  an  impression  on  the  intes- 
tinal mucosa  as  to  reflexly  excite  the  Lieberklihnian  gland,  is  its 
bitterness.  It  is  remarkable  that  all  the  most  powerful  saline 
cathartics  have  a  well-marked  bitter  taste.  The  most  active  of 
all  of  them  is  probably  sulphate  of  magnesia,  and  it  is  the  most 
bitter.  It  is  a  common  statement  in  all  text-books  on  materia 
medica  that  this  salt  is  not  so  bitter  as  sulphate  of  soda.  This 
is  a  decided  error,  for  I  have  made  solutions  of  equal  strength  of 
both  salts,  and  have  tasted  them  and  asked  several  of  my  friends 
to  taste  them,  and  the  verdict  has  invariably  been,  that  the 
magnesia  salt  is  distinctly  more  bitter  than  the  soda  salt  The 
sulphate  of  potash  and  the  neutral  alkaline  tartrates  and  double 
tartrates  have  all  an  undoubtedly  bitter  taste.  The  phosphate 
of  soda  is  the  only  one  of  the  more  prominent  saline  cathartics 
which  forms  an  exception,  and  it  is  well  known  that  it  is  con- 
siderably less  powerful  than  the  others.  None  of  the  other 
simple  alkaline  salts  which  have  not  been  found  to  act  as 
efficient  purgatives  are  bitter,  as  the  chlorides,  the  acetates,  and 
the  nitrates.  It  is  generally  believed  that  other  secretions  of  the 
alimentary  canal  are  strongly  excited  by  bitter  substances,  and 
why  not  also  the  succus  entericus  ?  A  bitter  substance  in  the 
mouth  certainly  stimulates  the  salivary  flow  more  strongly  that 
a  purely  irritant  substance ;  and  therapeutists  avail  themselves 
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every  day  of  the  commonly  accepted  opinion  that  bitters 
increase  the  gastric  secretion.  The  bitterness,  therefore,  of  a 
saline  cathartic  is  probably  one  important  factor  in  its  action. 
But  it  cannot  be  the  sole  factor,  whose  possession  distinguishes  a 
purgative  from  a  non-purgative  salt ;  for  why  does  such  a  salt  as 
phosphate  of  soda,  which  is  practically  devoid  of  bitterness,  act 
at  all  as  a  cathartic  ?  It  is  not  that  this  salt  is  more  irritant  than 
the  others.  It  is  probably  less  irritant.  This  salt  would  there- 
fore seem  to  own  some  other  property  which  renders  it  purga- 
tive. That  property  has  hitherto  been  believed  to  be  the  high 
endosmotic  power  of  the  salt.  And  there  are  many  who  ascribe 
the  action,  in  part  or  entirely,  of  all  saline  cathartics  to  their 
strong  endosmotic  action.  I  have  already  expressed  myself  as 
opposed  to  this  view  of  the  mode  of  the  purgative  action  of  the 
salt,  but  as  I  have  not  as  yet  given  all  my  reasons  for  doing  so 
I  shall  now  state  them. 

In  the  first  place,  were  the  purgative  action  of  the  salt  entirely 
or  mainly  dependent  on  its  endosmotic  power,  the  salt  with  the 
highest  endosmotic  equivalent  would  be  the  best  purgative. 
Aubert  and  Buchheim,  to  whose  experiments  I  have  already 
referred,^  have  clearly  proved  that  this  is  not  the  case.  The 
endosmotic  equivalent  of  certain  salts,  or  the  quantity  of  water 
which  the  salt  solution  gains  for  every  one  part  of  the  salt  which 
it  loses  when  separated  from  water  by  a  parchment  or  other 
septum,  was  found  by  Aubert  to  be  as  follows :  ^ — 


EndOBmotic  EqniTalent 
of 

Water-free 

SAlt 

CrystaUIne 
Salt. 

Phosphate  of  Soda,     . 
Sulphate  of  Soda, 
Sulphate  of  Potash,    . 
RocheUe  Salt, 
Sulphate  of  Magnesia, 
Acetate  of  Potash,      . 
aoride  of  Sodium,     . 

65 

25 

16-9 

12-2 
8 

6-5 
27 

26 
11 
15-9 

9 

4 

6-5 

27 

II  these  equivalents  be  multiplied  by  the  purgative  dose  of  each 
salt  the  resulting  numbers  ought  to  be  nearly  equal,  if  the  view 
be  correct  that  the  cathartic  activity  of  the  salt  depends  on  its 
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endosmotic  power.     Aubert  has  furnished  us  with  such  a  cal- 
culation : — 


Phosphate  of  Soda, 
Sulphate  of  Soda, 
Rochelle  Salt,      . 
Sulphate  of  Potash, 
Acetate  of  Potash, 
Sulphate  of  Magnesia, 
Chloride  of  Sodium, 


1035 
750 
297 
277 
204 
182 
40 


I  do  not  quite  agree  with  Aubert  in  the  dose  he  has  assigned 
to  each  salt.  But  even  were  the  dose  modified,  it  would  not 
impair  the  general  conclusion,  which  cannot  fail  to  be  drawn 
from  these  experiments,  that  the  endosmotic  power  of  a  salt  is 
no  measure  of  its  cathartic  activity,  and  that,  therefore,  endos- 
mosis  can  at  most  play  only  a  subsidiary  part  in  promoting  the 
outflow  of  the  purgative  secretion.  Sulphate  of  magnesia,  the 
most  energetic  of  all  the  saline  purges,  has  a  very  low  endos- 
motic equivalent. 

Another  reason  for  distrusting  the  endosmotic  theory  is  to  bo 
found  in  the  B.  Series  of  experiments  of  this  investigation. 
Attention  was  there  drawn  to  the  fact  that,  when  a  20  per 
cent,  solution  of  sulphate  of  soda  was  injected,  much  more  fluid 
was  secreted,  and  yet  much  less  salt  absorbed,  than  when  a  10 
per  cent,  solution  was  used.  According  to  the  present  theory 
the  more  fluid  there  was  secreted  the  more  salt  there  ought  to 
be  absorbed.  The  experiments  of  Series  D.  are  also  strongly 
opposed  to  this  theory. 

My  final  reason  for  discrediting  the  endosmotic  theory  is 
based  upon  an  experiment  which  I  made  to  determine  the 
pressure  at  which  the  purgative  secretion  was  poured  out  into 
the  intestine. 

Experiment  CXXIL — Cat,  male,  weighing  3 '14  kilogrammes,  was 
ansBsthetised,  and  its  small  intestine  was  exposed  by  a  mesial 
abdominal  incision  in  the  usual  manner.  A  loop  was  formed  on 
the  intestine  by  two  ligatures  about  15  cm.  apart,  and  there  was 
injected  into  the  loop  as  much  of  a  20  per  cent  solution  of  sulphate 
of  soda  as  sufl&ced  to  gently  distend  it.  Into  the  end  of  the  loop  was 
then  iaserted  the  end  of  a  tube  filled  with  the  same  solution  and 
communicating  with  a  mercurial  manometer.  Care  was  taken  that  no 
fluid  escaped  at  the  junction  of  the  tube  with  the  intestine,  or  at  any 
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other  part  of  the  loop  or  tbo  apparatus.  The  Btimulation  of  the  distension 
at  first  caused  considerahle  contractions  of  the  loop,  hut  these  after  ten 
minutes  cease  to  occur,  and  the  actual  pressure  occasioned  hy  the 
secretion  could  then  he  read  off.  It  varied  from  21*0  mm.  to  23*5  mm. 
of  mercury,  and  although  the  experiment  was  continued  for  more 
than  an  hour,  the  pressure  was  never  observed  to  rise  beyond  the 
higher  of  these  readings.  It  may  be  interesting,  for  the  sake  of 
comparison,  to  mention  that  the  pressure  at  which  the  bile  and 
pancreatic  juice  are  secreted  is  from  15  to  17  mm.^ 

I  next  took  a  piece  of  the  dried  intestine  of  a  cat  and  filled  it  with 
the  same  solution  of  sulphate  of  soda,  and  connected  its  interior  with 
a  mercurial  manometer,  and  dipped  it  into  a  f  per  cent,  solution  of 
common  salt,  as  representing  the  serum  of  the  blood.  The  pressure  of 
the  solution  within  the  intestine  rapidly  rose  to  185  mm.,  at  which 
pressure  the  intestine  burst 

This  experiment,  I  venture  to  think,  proves  very  conclusively 
that  the  purgative  secretion  is  not  the  result  of  the  endosmotie 
action  of  the  salt.  For,  if  it  were,  how  comes  it  that  the 
pressure  of  the  secretion  is  so  low,  and  corresponds  so  closely  to 
the  pressure  under  which  other  secretions,  as  the  bile  and 
pancreatic  juice,  are  naturally  secreted  ? 

If,  then,  the  endosmotie  power  of  a  saline  cathartic  is  not  a 
factor  in  the  production  of  its  action,  what  quality  is  it  of  the 
salt  (to  return  to  the  question  raised)  which  enables  certain  of 
the  saline  cathartics,  although  possessed  of  no  bitterness,  as 
phosphate  of  soda,  to  act  as  purgatives  ?  I  believe  it  to  be  a 
quality  of  the  salt  which,  although  often  existing  in  the  most 
marked  degree  in  those  salts  in  which  the  endosmotie  power  is 
the  strongest,  is  yet  probably  in  no  way  related  to  it.  I  refer  to 
the  greater  or  less  indiffusibility  of  the  salt,  which  is  able  to 
help  the  cathartic  effect  of  the  salt,  not  by  aiding  the  secretion 
of  the  purgative  fluid,  but  by  hindering  the  absorption  of  the 
fluid  after  it  has  been  secreted.  It  is  a  general  statement, 
accepted  even  by  Aubert  and  Buchheim,  that,  other  things  being 
equal,  the  higher  the  endosmotie  power  of  a  salt  the  greater  is 
its  purgative  action*  But  these,  and  other  observers,  as  Liebig, 
who  maintain  that  the  endosmotie  power  of  the  salt  can  entirely 
account  for  its  purgative  action,  have  erred  in  attributing  to  the 
endosmotie  power  what  really  is  due  to  indifi'usibility ;  and  the 
association  of  the  two  qualities  in  most  salts  has  been  to  a 

*  Heidenhaiii,  Ilcrnianii'^  Udhch.  d.  Physiologies  Bd.  v. 
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certain  extent  the  cause  of  their  error.  Graham  has  left  as 
the  results  of  many  valuable  experiments  on  the  diffusibility  of 
salts,  and  on  looking  over  these  I  find  that  all  the  purgative 
salts  belong  to  the  less  difiusible  groups.^  Phosphate  of  soda 
is  the  most  indiifusible ;  sulphate  of  magnesia  comes  next,  and 
at  some  distance  below  it  stand  the  alkaline  tartrates,  which 
are  succeeded  by  the  sulphate  of  soda  and  sulphate  of  potash, 
and  still  further  down  by  the  alkaline  chlorides  and  nitrates. 
The  order,  therefore,  of  the  diffusibility  of  these  salts,  although 
it  roughly  corresponds  to  that  of  their  endosmotic  power,  by  no 
means  exactly  agrees  with  it.  For  the  sulphate  of  magnesia  is 
much  more  indiffusible  than  sulphate  of  soda,  and  yet  is  much 
less  highly  endosmotic.  At  the  same  time,  allowing  for  the 
varying  degrees  of  bitterness  possessed  by  the  salt,  this  T)rder 
much  more  closely  corresponds  to  that  of  the  purgative  value  of 
the  salts.  Indeed,  were  the  bitterness  of  each  salts  expressed  in 
degrees,  and  this  multiplied  by  the  number  representing  the 
dififusibility  of  the  salt,  and  the  product  finally  multiplied  by 
the  dose,  a  number  would  be  obtained  which,  omitting  the  salts 
possessing  any  purely  irritant  action,  would  be  nearly  constant 
for  all  the  purgative  salts. 

If  it  be  granted  that  the  greater  indiffusibility  of  a  salt  is  to 
be  associated  with  an  increased  purgative  effect,  it  is  necessary 
to  inquire  in  what  particular  manner  this  quality  of  the  salt 
operates.  It  cannot  affect  the  stimulation  of  the  secretion ;  it 
must  act  solely  by  hindering  the  absorption  of  the  secreted  fluid. 
We  can  readily  understand  how  the  salt,  being  on  account  of 
its  indiffusibility  slowly  absorbed  by  the  mucous  membrane, 
presents  a  mechanical  hindrance  to  the  water  in  which  it  is 
dissolved.  But  does  it  exert  merely  a  mechanical  effect,  or  in 
addition,  is  the  indiffusibility  of  the  saline  cathartic  associated 
with  a  stronger  attraction  between  the  salt  and  the  water  of  its 
solution  than  exists  between  other  more  diffusible  and  non-pur- 
gative salts  and  water?  In  the  theory  of  saline  purgation 
advanced  as  the  result  of  the  first  experiments  of  this  investiga- 
tion, but  which  I  have  now  abandoned,  I  distinctly  assumed 
the  existence  of  such  an  attraction  or  union.    The  same  assump- 

^  Graham,   Chemical  and  Physical  Researches,  edited  by  Dr.  Angus  Smith, 
Edin.,  1876. 
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tion  has  been  made  by  several  previous  observers,  among  whom 
Buchheim^  has  put  it  to  experimental  test  by  exposing  to  moist 
air  equal  quantities  of  several  salts,  purgative  and  non-purgative, 
and  ascertaining  after  several  days  their  increase  in  weight.  He 
found  that  the  less  diQusible  or  purgative  salts  absorbed  on  the 
whole  less  water  than  the  more  diffusible  or  non-purgative 
salts,  and  he  therefore  obtained  from  this  experiment  no  proof  of 
the  correctness  of  his  assumption.  The  method,  however,  is 
admittedly  faulty. 

I  have  also  made  an  experiment  with  the  same  object  as 
Buchheim,  and  although  by  a  different  and  more  satisfactory 
method,  yet  with  practically  the  some  results.  I  made  10  per 
cent  solutions  of  a  number  of  purgative  and  non-purgative 


Table  showing  Rate  of  Evaporation  of  10  per  cent. 
CERTAIN  Crystalline  Salts. 


SoLimoNs  of 


Inside  Dlftmeter 
of  Tube. 

100  cm. 

1-82  cm. 

1*83  cm. 

1*82  cm. 

1-81  cm. 

1*84  cm. 

1-81  cm. 

Date. 

Hour 
of 

Chloride 

of 
Sodium. 

Chloride 

of 
Sodium. 

Acetate 

of 

Soda. 

Sulphate 

of 

Soda. 

Soda. 

Sulphate 

of 
Magneda. 

Tartrate 
of  Soda 

and 
Potash. 

Aug.  81 

Sept.    7 

„      15 

„     23 

,     »     27 

i  Oct     6 
1     „     13 

,,     21 
Nov.    1 

It      II 

1.80  p.m. 

»i       II 

II       II 

11       II 

2.10    „ 

Sulphuric 

12.36    „ 

1.80    „ 

6.15    „ 

1.80  ^, 

2.80«  „ 

cm. 
17 

16-40 
16-00 
15-60 
15-40 
acid  ren 
16-15 
14-90 
14-70 
14-82 
14-40 

cm. 
17 

16-86 
16-90 
16-46 
16-30 
ewed. 
16  06 
14-80 
14-50 
14-25 
14-27 

cm. 
17 

16-40 
16-00 
16-60 
15-86 

16-05 
14-85 
14-60 
14-22 
14-22 

cm. 
17 

16-45 
15-90 
15-45 
15-80 

14-96 
14-76 
14-60 
14-16 
14-25 

cm. 
17 

16-40 
15-90 
15-60 
16-30 

16  00 
14-70 
14*45 
14-00 
14-25 

cm. 
17 

16-40 
15-90 
16-50 
16-80 

15-05 
14-75 
14-65 
14-20 
14-26 

cm. 
17 

16-40 
15-90 
16-45 
15-30 

14-95 
14-70 
14-60 
14-15 
1415 

salines,  and  placed  them  in  glass  tubes  of  nearly  equal  and  of 
perfectly  uniform  diameter,  standing  exactly  vertically,  and 
arranged  in  a  circle  round  a  large  open  beaker  containing  strong 
sulphuric  acid.  The  whole  was  covered  with  a  glass  bell-jar 
well  sealed  to  a  ground  glass  plate,  so  that  there  was  no 

^Buchheim,  BeitrOge  z,  Lehre  v.  d,  EndosmosCj  &c,  Archiv.  f.  physiolog. 
Heilkunde,  1858,  S.  217. 

'  These  readings  were  made  after  a  slight  crystalline  efflorescence,  which  had 
formed  inside  the  upper  empty  part  of  the  tube,  had  been  scraped  down  into  the 
solution. 
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communication  with  the  outer  atmosphere.  The  tubes  were 
carefully  graduated  by  lineal  measurement,  not  according  to 
capacity,  and  were  filled  to  an  equal  height  with  the  various 
solutions.  Daily  obsei^vations  of  the  decrease  of  the  fluids  were 
made  for  over  a  period  of  two  months.  The  room  in  which  the 
tubes  were  placed  was  kept  at  a  tolerably  uniform  temperature 
throughout  the  experiment.  In  the  foregoing  table  I  give,  with 
one  or  two  exceptions,  every  eighth  observation. 

A  second  solution  of  chloride  of  sodium,  it  will  be  observed,  was 
placed  in  a  tube  a  little  narrower  than  the  others,  in  order  that 
I  might  be  able  to  calculate  what  effect  the  unavoidable  small 
variations  in  the  diameters  of  the  other  tubes  might  have  on 
the  rate  of  evaporation. 

The  result  of  the  experiment  was,  as  can  be  readily  seen,  that 
evaporation  proceeds  with  an  almost  equal  rate  in  aU  the  saline 
solutions,  and  that,  therefore,  in  so  far  as  the  affinity  of  salts  for 
water  can  be  tested  by  this  method,  the  affinity  of  the  purgative 
salts  is  not  greater  than  that  of  non-purgative  salts.  That  a 
salt  does,  however,  diminish  the  rate  of  evaporation  of  the  water 
with  which  it  is  dissolved — a  fact  long  recognised — is  shown  in 
this  experiment  by  the  rate  of  evaporation  gradually  diminish- 
ing, as  the  salt  solution  becomes  more  concentrated.  This  was 
not  due  to  the  sulphuric  acid  beginning  to  lose  its  hygroscopic 
action  on  account  of  its  becoming  saturated  with  moisture,  for, 
even  after  the  renewal  of  the  acid,  the  rate  of  evaporation  still 
continues  to  diminish. 

As  the  method  which  I  employed  for  testing  the  affinity  of 
salts  for  water  is,  like  Buchheim's,  not  without  many  objections, 
I  have  had  recourse  to  another  method,  and,  without  further 
experiment,  have  availed  myself  of  its  results  as  found  in  the 
researches  of  Berthelot,^  Thomsen,  and  others,  which  have  recently 
been  welded  by  the  first  of  these  into  a  new  system  of  chemistry 
under  the  name  of  M^canique  Chimique.  These  chemists 
measure  the  strength  of  affinity  between  two  substances  by 
estimating  the  amount  of  heat  developed  when  they  are  mixed 
together.  Now,  most  of  the  hydrated  crystalline  salts  when 
dissolved  in  water,  instead  of  evolving  heat,  absorb  it  This  has 
long  been  known,  and  some  measurements  of  the  degree  of  cold 

*  Berthelot,  Micanique  Chimique^  Paris,  1879. 
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were  made  by  Favre  and  Silbermann ;  but  it  is  to  the  more 
recent  investigators  that  we  are  indebted  for  more  exact  and 
reliable  results.  If  the  evolution  of  heat  be  evidence  of  attrac- 
tion, absorption  of  it  can  hardly  be  otherwise  regarded  than  as 
indicating  repulsion ;  and  the  greater  the  absorption  of  heat  the 
greater  will  be  the  degree  of  repulsion.  Judged  by  this  view  of 
their  thermo-dynamics,  the  purgative  and  less  di£fu8ible  salts, 
owing  to  their  absorbing  a  large  amount  of  heat  when  dissolved 
in  water,  are  those  which  repel  water  most,  and  in  this  respect 
the  phosphate  of  soda  acts  the  most  energetically  of  all  the 
purgative  soda  salts;  whereas  the  non-purgative  and  less  dif- 
fusible salts,  as  the  chlorides,  because  they  dissolve  in  water  with 
a  small  absorption  of  heat,  repel  water  the  least  Instead,  there- 
fore, of  there  being  a  greater  affinity  between  purgative  or  less 
diffusible  salts  and  water,  there  is  a  less  affinity  than  between 
water  and  non-purgative  or  more  diffusible  salts. 

Clearly,  then,  the  only  way  in  which  a  highly  indiffusible 
salt,  as  phosphate  of  soda,  can  retard  the  absorption  of  the 
intestinal  fluid  in  the  course  of  purgation,  is  by  the  presence 
of  its  slowly  absorbable  molecules  mechanically  hindering 
the  free  absorption  of  the  molecules  of  the  water  in  which  it  is 
dissolved.  Molecules  of  both  the  salt  and  water  lie  in  contact 
with  the  surface  of  the  mucous  membrane;  those  of  the 
former,  on  account  of  their  being  very  slowly  removed  by  absorp- 
tion, prevent  the  ready  access  of  those  of  the  latter  to  the 
absorptive  cells  of  the  membrane.  In  this  manner,  therefore 
the  less  diffusible  salts  can,  cceteris  paribus,  purge  more  power- 
fully than  those  more  diffusible. 

I  have  now  discussed  the  two  properties  to  which  I  believe 
the  greater  activity  of  certain  salts  within  the  intestines  is  due, 
and  which  therefore  constitute  these  salts  cathartics,  as  dis- 
tinguished from  other  allied  salts,  which,  although  not  devoid 
of  pui^tive  action,  yet  do  not  act  so  powerfully  as  the  cathartic 
salts  proper.  These  two  properties  are  bitterness  and  slow 
difiusibiUty,  the  one  promoting  secretion,  the  other  impeding 
absorption.  But  whilst  the  possession  of  these  properties  may 
explain  why  certain  salts  are  pre-eminently  cathartic,  it  does 
not  explain  why  other  allied  salts,  as  the  alkaline  chlorides  and 
acetates,  although  devoid   of  bitterness   and   easily  diffusible. 
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nevertheless  excite  more  or  less  secretion  when  directly  injected 
into  the  intestine,  or  purge  when  administered  by  the  mouth 
in  a  sufficiently  large  dose.  Doubtless  the  strongly  irritant 
action  of  many  of  these  salts,  as  chloride  of  sodium  and 
nitrate  of  potassium,  is  sufficient  to  account  for  their  pur- 
gative action ;  but  there  are  others  of  them,  as  acetate  of  potash, 
which  cannot  be  said  to  be  more  irritant  than  the  ordinary 
saline  cathartics.  It  is  therefore  probable,  indeed  certain,  that  all 
salts,  apart  from  their  being  bitter  and  without  that  they  cause 
visible  redness  or  inflammation  of  the  mucous  membrane, 
can,  if  sufficiently  concentrated,  stimulate  the  mucous 
membrane  of  the  intestine,  when  brought  into  contact  with  it, 
and  refiexly  provoke  the  intestinal  glands  to  action;  if  for 
no  other  reason  that  that,  on  account  of  their  concentration, 
they  abstract  water  from  the  epithelial  cells  on  the  mucous 
surface,  and  thus,  by  disturbing  the  cell-protoplasm,  aflfect  the 
sensory  nerve  filaments,  which  terminate  in  or  around  the 
protoplasm.  This  very  simple  and  purely  physical  effect  is 
probably  the  basis  of  the  action  of  every  salt,  if  sufficiently  con- 
centrated, on  living  tissue,  and,  in  this  particular  instance,  of 
the  purgative  and  non-purgative  salines  alike,  or  what  might  be 
more  strictly  termed,  the  more  purgative  and  the  less  purgative. 
In  the  former  the  stimulant  action  of  this  property  is  increased 
by  the  bitterness,  and  the  purgative  effect  aided  by  the  slow 
diffusibilty  of  the  salt. 

It  is  also  to  be  remembered  that  the  changes,  by  way  of 
decomposition,  which  certain  of  the  saline  cathartics  undergo  in 
their  passage  through  the  alimentary  canal,  may  materially 
promote  their  action.  The  splitting  up  of  a  portion  of  the 
sulphates  of  magnesia  and  soda  in  the  intestines,  with  the 
absorption  of  the  disengaged  sulphuric  acid,  will  probably  result 
in  the  residual  base  uniting  with  the  carbonic  acid  of  the 
intestinal  secretion  to  form  a  carbonate  or  bicarbonate,  which, 
on  account  of  its  being  less  diffusible  and  less  capable  of  absorp- 
tion than  the  corresponding  sulphate,  will  increase  the  purgative 
action  of  the  salt.  The  return  of  the  original  acid  of  the  salt 
to  the  intestine,  as  indicated  in  the  experiments  of  Series  D., 
taking  place,  as  it  evidently  does  (Experiments  CXVI.  and 
CXVII.,  Series  H.),  to  a  small  extent  in  proportion  to  the 
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amoant  of  the  base  still  within  the  intestine,  will  not  entirely 
break  up  the  carbonate  formed.  Beyond  this,  I  do  not  believe, 
and  therefore  in  opposition  to  Headland,  that  the  absorption 
and  after  excretion  of  the  acid  of  the  salt  a£fects  its  purgative 
action.  The  absorbed  portion  of  the  salt  in  the  process  of  its 
excretion  probably  plays  no  part  in  stimulating  the  intestinal 
secretion.  My  reasons  for  holding  this  opinion  I  have  already 
stated.^ 

In  considering  the  properties  which  render  certain  salts 
cathartics,  T  have  assumed  that  the  salts  possess  no  specific 
stimulating  action  on  the  enteric  glands,  as  do  those  of  nearly 
all  the  heavier  metals.  In  this  I  may  not  be  altogether 
accurate,  for  whilst  it  may  be  held  as  almost  indisputably 
proved  that  the  salts  of  soda  have  no  such  action,  otherwise 
there  would  be  evidence  of  it  when  they  are  injected  in  purgative 
doses  into  the  blood,  yet  the  salts  of  potash  or  magnesia  may 
pussess  it  in  some  degree,  as,  owing  to  their  highly  poisonous 
effect  when  injected  directly  into  the  circulation,  it  is  impossible 
to  inject  them  in  a  quantity  approaching  a  purgative  dose.  If 
they  do  possess  a  speciQc  purgative  actiou,  it  must  be  to  a  very 
limited  extent,  for  the  still  more  poisonous  salts  of  the  heavier 
metals  rarely  fail  to  excite  purgation  when  introduced  into  the 
blood  in  less  even  than  a  lethal  dose. 

In  treating  of  the  nature  or  mode  of  production  of  the 
purgative  secretion  by  the  salt,  I  have  omitted  all  references  to 
the  effect  being  produced  by  the  action  of  the  salt  on  any  portion 
of  the  body  outside  the  nervous  and  glandular  structures  of  the 
intestine,  for  the  simple  reason  that  the  application  of  the  salt 
per  86  to  any  other  portion  of  the  body,  either  by  intravenous 
or  by  subcutaneous  injection,  completely  fails  to  cause  purgation. 
I  do  not,  however,  deny  the  possibility  of  the  local  intestinal 
action  being  controlled  by  some  nervous  influence  originat- 
ing in  a  separate  portion  of  the  organism,  and  altogether 
independent  of  the  action  of  the  salt.  The  influence  may  be 
such  as  either  to  increase  the  purgative  action  or  to  lessen  it, 
and  these  results  it  may  effect  by  altering  the  rate  either  of 
secretion  or  of  absorption  in  the  intestine.  For  example,  I  have 
shown  in  Experiments  XLI.   and  XLII.  that    irritation    by 

^  Vol.  xvi.  p.  587. 
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ligatures  of  a  portion  of  the  intestine  distant  from  the  part  in 
which  the  salt  is  acting,  diminishes  the  purgative  action  by 
promoting  secretion.  This  effect  probably  does  not  take  place 
through  a  purely  intra-intestinal  nerve  mechanism;  a  much 
more  extended  nerve-tract  is  in  all  probability  involved,  con- 
sisting at  least  of  the  mesenteric  nerves  and  ganglia.  Also, 
according  to  H.  C.  Wood,  division  of  the  vagi  in  the  neck  pre- 
vents purgative  action  by  arresting  the  intestinal  secretion.  I 
have  not,  however,  succeeded  in  observing  this  inhibitory  effect 
when  a  saline  cathartic  was  employed.^ 

The  intestinal  secretion  is  also  affected  by  subcutaneous 
irritation  in  the  region  of  the  abdomen  (Series  of  Experiments 
F.),  and  there  can  hardly  be  any  doubt  that  either  in  a 
normal  condition,  or  when  stimulated  by  a  purgative,  it  may 
be  largely  affected  by  many  nervous  influences,  emotional  and 
otherwise. 

V.  The  Action  of  the  Sail  on  the  Peristaltic  Movements  of  the 
Intestines. 

The  determining  whether  the  salt  stimulates  these  movements 
is  of  somewhat  less  interest,  since  I  have  in  the  course  of  this 
investigation  removed  all  uncertainty  as  to  the  salt  exciting 
secretion.  In  the  historical  sketch  at  the  commencement  of  this 
paper,  I  have  remarked  how  that  the  German  pharmacologists 
are  inclined  to  regard  such  a  stimulation  as  the  principal,  or  at 
least  an  important,  cause  of  the  catharsis.  The  experiments  of 
Aubert,  and  Buchheim  and  Wagner,  but  more  particularly  those 
of  Thiry  and  Radziejewski,  form  the  basis  of  this  belief,  without 
that  any  of  their  experiments  offer  direct  proof  of  increased 
peristalsis.  Legros  and  Oniinus,*  and  Van  Braam  Houckgeest,* 
have,  however,  by  direct  experiment,  demonstrated  that  a  saline 

^  Since  writing  the  earlier  part  of  this  paper,  in  which  Wood's  experiments 
are  shortly  commented  on,  I  have  had  the  opportunity  of  perusing  a  detailed 
account  of  his  experiments  in  the  American  Joitmal  of  Medical  Sciences,  vol.  Ix. 
p.  75.  I  find  that  he  does  not  attribute  the  efiect  of  the  division  of  the  vagi  to 
any  direct  influence  exerted  by  these  nerves  on  the  secretion  of  the  intestines, 
but  to  the  accumulation  of  carbonic  acid  in  the  blood  and  congestion  of  the 
portal  circulation,  caused  by  the  division  of  the  vagi.  The  shorter  account  of 
his  experiments,  which  I  had  previously  read,  does  not  give  the  same  explana- 
tion of  the  action  of  the  divided  vagi,  and  I  have,  therefore,  felt  it  incumbent  to 
make  this  correction. 

*  Op.  ciL  •  Op.  ciL 
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purgative,  on  the  contrary,  does  not  stimulate  the  movemeuts  of 
the  intestiues.  The  fitness  of  the  methods  employed  by  the  latter 
observers,  and  the  care  with  which  their  experiments  were  con- 
ducted, command  acquiescence  in  their  conclusions.  In  all  those 
of  my  own  experiments  in  which  the  intestines  were  exposed, 
although  I  frequently  made  observation  of  the  peristalsis,  I 
conld  never  on  any  occasion  satisfy  myself  that  it  was  increased 
during  the  action  of  the  salt  I  observed,  however,  in  an 
experiment  specially  instituted,  that  moderate  distension  of  the 
intestine  with  what  may  be  regarded  as  the  blandest  of  all 
ordinary  fluids,  a  |  per  cent,  solution  of  common  salt  of  the  same 
temperature  as  the  body,  excited  regular  contractions  of  the 
intestinal  wall  of  the  distended  loop,  which  ceased  immediately 
on  removal  of  the  pressure.  Although,  therefore,  the  salt  does 
not  directly  stimulate  the  peristaltic  movements  of  the  intestines, 
yet  it  is  highly  probable  that  it  indirectly  does  so  by  distending 
the  intestines  with  the  abundantly  poured-out  secretion.  In- 
creased peristalsis  may,  accordingly,  be  a  subsidiary  factor  in 
the  action  of  a  saline  cathartic,  but  certainly  it  is  not  an 
essential  factor. 

B.  The  Effect  of  the  Saline  Cathartic  on  Other  Parts  of 
THE  Body  than  the  Alimentary  System. 

As  the  action  of  the  salt  on  the  circulation  and  urinary  secretion 
has  already  been  fully  discussed  to  the  extent  my  experiments 
warrant,  and  under  separate  chapters,  I  shall  do  no  more  here 
than  briefly  recapitulate  the  conclusions  already  arrived  at. 

I.  The  Effect  on  the  Blood  and  CirctUation.  i 

The  salt,  by  exciting  a  profuse  intestinal  secretion,  removes, 
under  all  circumstances,  a  large  amount  of  fluid  from  the  blood. 
If  the  salt  is  administered  in  very  dilute  solution,  the  water  of 
the  solution  by  absorption  replaces  the  water  of  the  blood 
removed  by  secretion.  But  if  the  solution  of  the  salt  is 
concentrated,  little  or  no  replacement  occurs,  and  the  total  bulk 
of  the  blood  in  the  body  becomes  greatly  diminished.  This 
concentration  of  the  blood  lasts,  however,  only  for  one  or  two 
hours,  because  by  the  end  of  that  time  the  blood  recoups  itself 
from  the  fluids  of  the  tissues.  The  action,  therefore,  of  a  diluted 
dose  of  a  saline  cathartic  on  the  blood,  and  secondarily  on  tlie 
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tissue  fluids,  is  considerably  dififerent  from  that  of  a  concentrated 
dose.  The  use  of  the  latter  would  seem  to  be  strongly  indicated  in 
the  treatment  of  many  forms  of  dropsy  where  it  is  desired  to 
obtain  a  rapid  and  powerful  reduction  of  the  dropsical  fluid.  I 
have  already  made  such  an  application  of  it,  and  with  the  hap- 
piest results.^ 

The  profuse  intestinal  secretion  removes  with  it  a  large 
amount  of  the  salts  of  the  blood,  but  apparently  very  little  of 
the  organic  matter,  and  this  will  occur  whether  the  solution  of 
the  salt  administered  be  concentrated  or  dilute,  although  the 
more  free  absorption  in  the  latter  case  will  restore  a  certain 
proportion  of  the  secreted  salts.  But  if  the  blood  thus  loses  a 
portion  of  its  natural  salts,  its  inorganic  matter  is  increased  by 
the  presence  of  the  absorbed  salt,  more  of  the  acid  of  \vhich 
than  of  the  base  would  appear  to  enter  the  blood. 

A  saline  cathartic  causes,  therefore,  a  partial  depletion  of  the 
blood — partial,  in  so  far  as  it  only  removes  a  portion  of  the 
inorganic  constituents,  and  more  or  less  of  the  water,  along  with 
a  mere  trace  of  the  dissolved  and  unformed  organic  matter,  and, 
unlike  an  ordinary  surgical  depletion,  removes  none  of  the 
formed  constibuents  or  corpuscular  element. 

After  the  purgative  action  of  the  salt  is  at  an  end,  at  any  rate 
in  so  far  as  the  blood  is  concerned,  the  diuretic  action  of  the 
absorbed  salt,  which  is  now  established,  or  rather  permitted  to 
become  apparent,  causes  a  second  concentration  of  the  blood, 
considerably  less  in  degree  than  the  first,  but  continuing  through- 
out a  much  longer  period.  This  concentration  is  probably  not 
characteristic  of  purgative  salts  solely,  but  is  also  to  be  observed 
after  the  administration  of  the  ordinary  diuretic  salts. 

The  presence  of  the  salt  in  the  blood,  and  its  contact  with  the 
various  tissues  and  organs,  does  not,  so  far  as  I  have  been  able 
to  make  out,  affect  to  any  appreciable  extent  the  metabolism  of 
the  body. 

As  regards  the  effect  of  the  salt  on  the  circulation  of  the 
blood,  tbe  salt  appears  to  increase  the  blood-pressure  by  causing 
a  contraction  of  the  smaller  arteries  and  the  capillaries,  merely, 
as  I  believe,  on  account  of  its  mildly  stimulating  the  tunica 
intima  of  the  vessels  as  it  circulates  with  the  blood. 

1  Lancet,  April  21,  1883. 
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II.  The  Effect  on  the  Urinai^y  Secretion. 

The  immediate  effect  of  the  administration  of  the  salt  is,  as 
in  the  case  of  the  blood,  somewhat  dependent  on  the  degree  of 
concentration  of  the  blood.  If  the  solution  of  the  salt  is 
concentrated,  and  the  blood,  therefore,  tendered  also  concen- 
trated, the  urinary  secretion  is  at  first  diminished.  If,  on  the 
other  hand,  the  solution  is  very  dilute,  the  secretion  may  be 
increased  by  the  blood  and  kidneys  removing  the  excess  of 
water  from  the  intestine.  In  both  cases,  after  some  hours,  and, 
probably  after  the  salt  has  ceased  to  exert  any  active  purgative 
effect,  the  secretion  increases,  and  a  veritable  diuresis  would 
appear  to  be  established  and  to  continue  for  nearly  a  day. 

The  salt  produces  no  material  alteration  of  the  composition  of 
the  urine,  beyond  that  due  to  its  own  presence.  In  the  case  of 
sulphate  of  magnesia,  I  have  proved  that  much  more  of  the 
acid  of  the  salt  than  of  the  base  appears  in  the  uriua  This  may 
also  occur  to  a  certain  extent  with  other  purgative  salts. 


These  are  the  main  results  of  this  lengthy  investigation  of  the 
physiological  action  of  saline  cathartics;  and  although  they 
have  mainly  been  obtained  from  experiments  with  sulphate  of 
soda,  and  in  a  few  instances  sulphate  of  magnesia,  yet  these 
salts  are  sufficiently  typical  of  the  whole  group  of  saline 
cathartics  as  to  perfectly  justify  the  belief  that,  had  other 
members  of  the  group  been  employed,  similar  results  would 
have  been  procured.  I  have  to  a  certain  extent  pointed  out  the 
differences  in  manner  of  action  which  distinguish  some  of  them. 
They  all  tolerably  closely  agree  in  the  ultimate  effect  they  have 
on  the  alimentary  canal  and  the  body  generally.  They  cause 
no  irritation  or  inflammation  of  the  canal ;  stimulate  but  in  the 
smallest  degree  the  secretion  of  the  more  important  digestive 
juices,  as  the  gastric,  the  pancreatic,  and  the  biliary;  have  under 
ordinary  circumstances  little  action  on  the  blood ;  and  mainly 
act  by  increasing  the  intestinal  secretion  and  by  hindering  the 
absorption  of  the  intestinal  fluid.  Their  purgative  action  is, 
therefore,  extremely  simple.  They  sweep  out  the  contents  of  the 
alimentary  canal  with  the  least  possible  disturbance  of  the 
digestive  system  and  of  the  other  systems  of  the  organism.     Few 
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other  purgatives,  if  any,  have  so  simple  an  action.  The  value, 
therefore,  which  has  long  been  assigned  to  them  in  the  treat- 
ment of  the  occasional  disturbances  of  digestion,  to  which 
almost  every  one  is  at  times  subject,  and  where  the  indication 
seems  to  be  to  empty  the  canal  "  cito,  tuto,  et  jucunde,"  is  quite 
justified  by  the  results  of  this  investigation. 

This  is  a  long  research  and  has  involved  much  labour.  It  was 
commenced  in  the  laboratory  of  the  Pharmacological  Institute  at 
Strassburg  under  the  superintendence  of  Professor  Schmiedeberg, 
where  most  of  the  experiments  of  the  A.  series  were  made.  I 
have  already  acknowledged  my  indebtedness  to  Professor 
Schmiedeberg  for  his  valuable  and  kindly  help  in  the  carrying 
out  of  these  experiments.  As  I  did  not  altogether  feel  assured 
of  the  correctness  of  the  theory  of  the  mode  of  action  of  saline 
cathartics,  to  which  the  results  of  these  experiments  seemed  to 
lead,  I  reopened  the  investigation,  after  my  return  to  Edinburgh, 
in  the  laboratory  of  the  Pharmacological  Department  of  this 
University,  where  nearly  all  the  experiments  of  the  remaining 
series  were  conducted.  Here  I  have  received  valuable  assistance 
from  many  friends;  and  for  such,  more  than  to  any  other,  do  T 
feel  grateful  to  Professor  Thomas  R  Fraser,  but  for  whose  kind- 
ness and  indulgence  the  research  could  not  have  been  continued. 
I  have  also  to  warmly  thank  Dr  J.  R  Logan,  Dr  Hosack  Fraser, 
Dr.  J.  0.  Liddell,  Dr.  J.  H.  Balfour,  and  Mr.  James  Stewart,  who 
on  certain  occasions,  and  sometimes  at  considerable  incon- 
venience to  themselves,  have  kindly  given  me  their  help. 


Summary  of  the  Results  of  this  Investigation. 

1.  A  saline  purgative  always  excites  more  or  less  secretion 
from  the  alimentary  canal,  depending  on  the  amount  of  the 
salt  and  the  strength  of  its  solution,  and  varying  with  the  nature 
of  the  salt. 

2.  The  excito-secretory  action  of  the  salt  is  probably  due  to 
the  bitterness  as  well  as  to  the  irritant  and  specific  properties  of 
the  salt,  and  not  to  osmosia 

3.  The  low  dififusibility  of  the  salt  impedes  the  absorption  of 
the  secreted  fluid. 
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4.  Between  stimulated  secretion  on  the  one  hand,  and 
impeded  absorption  on  the  other,  there  is  an  accumulation  of 
fluid  in  the  canal. 

5.  The  accumulated  fluid,  partly  from  ordinary  dynamical 
laws,  partly  from  a  gentle  stimulation  of  the  peristaltic  move- 
ments excited  by  distension,  reaches  the  rectum  and  produces 
purgation. 

6.  Purgation  will  not  ensue  if  water  be  withheld  from  the  diet 
for  one  or  two  days  previous  to  the  administration  of  the  salt  in 
a  concentrated  form. 

7.  The  absence  of  purgation  is  not  due  to  the  want  of  water 
in  the  alimentary  canal,  but  to  its  deficiency  in  the  blood. 

8.  Under  ordinary  conditions,  with  an  unrestricted  supply  of 
water,  the  maximal  amount  of  fluid  accumulated  within  the  canal 
corresponds  very  nearly  to  the  quantity  of  water  required  to  form 
a  5  or  6  per  ceut.  solution  of  the  amount  of  salt  administered. 

9.  If,  therefore,  a  solution  of  this  strength  be  given,  it  does 
not  increase  in  bulk. 

10.  If  a  solution  of  greater  strength  be  administered,  it  rapidly 
increases  in  volume  until  the  maximum  is  attained.  This  it 
accomplishes  in  the  case  of  a  20  per  cent  solution  in  from  one 
to  one  and  a  half  hours. 

11.  After  the  maximum  has  been  reached,  the  fluid  begins 
gradually  and  slowly  to  diminish  in  quantity. 

12.  Cceteris  parities,  the  weaker,  or  in  other  words,  the  more 
voluminous  the  solution  of  the  salt  administered  is,  the  more 
quickly  is  the  maximum  within  the  canal  reached ;  and  accord- 
ingly purgation  follows  with  greater  rapidity. 

13.  Unless  the  solution  of  the  salt  is  more  concentrated  than 
10  per  cent,  it  excites  little  or  no  secretion  in  the  stomach, 

14.  The  salt  is  absorbed  with  extreme  slowness  by  the 
stomach  of  the  cat. 

15.  The  salt  excites  an  active  secretion  in  the  intestines,  and 
probably  for  the  most  part  in  the  small  intestine,  all  portions  of 
this  viscus  being  capable  of  yielding  the  secretion  in  almost 
equal  quantities. 

16.  The  bile  and  pancreatic  juice  participate  but  very  little 
in  the  secretion. 

17.  The  secretion  is  probably  a  true  succm  erUericus,  tq- 
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sembliog  the  seci^etion  obtaiaed  by  Moreau  after  division  of  the 
mesenteric  nerves. 

18.  The  secretion  is  promoted  by  local  irritation  of  the 
intestine,  as  by  ligatures,  but  only  in  the  immediate  vicinity  of 
the  irritation. 

19.  Absorption  by  the  intestine  generally  is  reflexly  stimulated 
by  such  irritation  (the  effect  of  numerous  ligatures  applied  at 
points  remote  from  the  seat  of  the  injected  salt  being  to  diminish 
the  amount  of  purgative  fluid  by  accelerated  absorption). 

20.  If  the  salt  solution  be  injected  directly  into  the  small 
intestine,  the  stronger  within  certain  limits  the  solution  is,  the 
greater  will  be  the  accumulation  of  fluid  within  the  intestine. 

21.  This  difiference  is  not  observed  when  the  salt  is  a(iminis- 
tered  ^per  os,  as  the  strong  solution  becomes,  diluted  in  the 
stomach  and  duodenum  before  passing  into  the  inte<^ne 
generally, 

22.  The  difference  is  due  to  the  local  action  of  the  salt  on  the 
mucous  membrane,  and  probably  more  to  an  impeded  absorption 
than  to  a  stimulated  secretion. 

23.  When  the  salt  is  administered  in  the  usual  manner,  it 
appears,  in  the  case  of  the  sulphate  of  magnesia  and  sulphate  of 
soda,  to  become  split  up  in  the  small  intestine,  the  acid  being 
more  rapidly  absorbed  than  the  basa 

24.  A  portion  of  the  absorbed  acid  shortly  afterwards  returns 
to  the  intestines. 

25.  After  the  maximum  of  excretion  of  the  acid. has  been 
reached,  the  salt  begins  very  slowly  and  gradually  to  disappear 
by  absorption,  which  is  checked  only  by  the  occurrence  of 
pui^tion. 

26.  During  the  alternations  of  absorption  and  secretion  of  the 
acid,  it  is  the  salt  left  within  the  intestine  which  excites  secre- 
tion, the  absorbed  and  excreted  acid  exerting  no  such  action 
whilst  in  the  blood,  or  during  the  process  of  its  excretion,  as 
Headland  believed. 

27.  The  salt  does  not  purge  when  injected  into  the  blood,  and 
excites  no  intestinal  secretion. 

28.  Nor  does  it  purge,  when  injected  subcutaneously,  unless 
in  virtue  of  its  causing  local  irritation  of  the  abdominal  sub- 
cutaneous tissue,  which  acts  reflexly  on  the  intestines,  dilating 
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their  blood-vessels,  and    perhaps  stimulating  their   muscular 
movements. 

29.  The  sulphate  of  soda  exhibits  no  poisonous  action  when 
injected  into  the  circulation. 

30.  The  sulphate  of  magnesia  is,  on  the  other  hand,  powerfully 
toxic  when  so  injected,  paralysing  first  the  respiration  and 
afterwards  the  heart,  and  abolishin;;  sensation  or  paralysing  the 
sensory-motor  reflex  centres. 

31.  Both  salts,  when  administered  in  the  usual  manner, 
produce  a  gradual  but  well-marked  increase  in  the  tension  of 
the  pulse. 

32.  According  as  the  salt-solution  within  the  intestine 
increases  in  amount,  there  occurs  a  corresponding  diminution  of 
the  fluids  of  the  blood. 

33.  The  blood  recoups  itself  in  a  short  time  by  absorbing 
from  the  tissues  a  nearly  equal  quantity  of  their  fluids. 

34.  The  salt,  after  some  hours,  causes  diuresis,  and  with  it  a 
second  concentration  of  the  blood,  which  continues  so  long  as 
the  diuresis  is  active. 

35.  As  the  intestinal  secretion  excited  by  the  salt  contains  a 
very  small  proportion  of  organic  matter  as  compared  with  the 
inorganic  matter,  the  purgative  removes  more  of  the  latter  than 
the  former  from  the  blood.  In  certcdn  cases  a  large  quantity  of 
the  salts  of  the  blood  is  thus  evacuated. 

36.  The  amount  of  the  normal  constituents  of  the  urine  is  not 
affected  by  the  salt. 

37.  After  the  administration  of  sulphate  of  magnesia  much 
more  of  the  acid  than  of  the  base  is  excreted  in  the  urine. 

38.  The  salt  has  no  specific  action  in  lowering  the  internal 
temperature  of  the  body,  or  has  it  only  to  a  very  small  extent. 

39.  It  reduces,  however,  the  absolute  amount  of  heat  in  the 
body. 

PhABM ACOLOGIOAL  LaBOBATOIIT, 

Edinburgh,  June  1883. 
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SOME  EEMARKS  ON  THE  ANATOMY  AND  PHYSI- 
OLOGY OF  THE  URINARY  BLADDER,  AND  OF 
THE  SPHINCTERS  OF  THE  RECTUM.  By  F.  lb  Gros 
Clark,  F.RS. 

The  usually  accepted  views  on  the  physiology  of  micturition 
have  always  seemed  to  me  unsatisfactory.  The  subject  is  a 
perplexing  one,  much  more  so  than  is  apparent  until  it  is  care- 
fully investigated ;  and  it  is  only  after  much  consideration  that 
I  venture  to  express  dissent  from  the  opinions  generally  received, 
and  my  reasons  for  adopting  others  in  their  stead.  The  value 
of  a  correct  view  is,  in  this  instance,  enhanced  by  the  light 
thereby  thrown  upon  many  obscure  pathological  conditions, 
which,  in  their  turn,  serve  to  illustrate  the  physiology  allied 
with  them.    The  chief  points  I  propose  to  discuss  are: — 

1.  How  the  urine  is  expelled  from  the  bladder. 

2.  Under  the  influence  of  which  of  the  nerve-centres  the  ex- 
pelling force  acts. 

3.  How  the  urine  is  retained  in  the  bladder  under  different 
circumstances. 

4.  The  relation  of  various  pathological  conditions  to  the 
physiological  explanation  offered. 

T  may  remark  that  I  once  wrote  a  paper  on  this  subject, 
which  was  published  in  the  London  Medical  Gazette  for  June  18, 
1 836.  It  attracted  little  attention,  because  it  contained  doctrines 
which  were  regarded  as  crude  and  erroneous;  for  such  was  the 
view  then  taken  by  most  physiologists  of  Marshall  Hall's  great 
discovery.  Reflex  physiology  was  just  stru^ling  into  life,  amid 
all  the  detraction  and  opposition  which  so  commonly  herald  and 
accompany  the  announcement  of  new  views  which  revolutionise 
previously  established  opinions.  I  have  only  recently  disinterred 
this  forgotten  production  of  my  youth ;  and  this  is  the  explana- 
tion of  my  renewing  the  inquiry  after  so  long  an  interval. 

ATiatomy. — ^The  arrangement  of  the  fibres  which  constitute 
the  muscular  coat  of  the  bladder  is  such  as  to  enable  it  to  con- 
tract uniformly  on  its  contents.  When  the  organ  is  elongated 
by  distension,  the  longitudinal  fibres  shorten  this  diameter ;  and 
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when  partially  emptied,  the  circular  and  oblique  fibres  are  prob- 
ably more  actively  engaged.  The  circular  bands  increase  in 
number  as  they  approach  the  neck  of  the  bladder,  where  they  form 
a  more  compact  layer,  especially  when  the  bladder  is  contracted. 

The  position  and  relations  of  the  prostate  gland  are  such  that 
it  probably  exercises  but  little  if  any  influence  on  the  passage  of 
the  urine.  Circular  muscular  fibres  constitute  a  considerable 
element  in  the  vesical  half  of  its  structure,  and  therefore  behind 
the  opening  of  the  ejaculatory  duct.  My  friend  and  former 
pupil,  Mr.  Anderson,  conjectures  that  these  fibres  have  for  their 
function  the  occlusion  of  the  urethra  at  this  part  during  emission 
of  the  semen ;  and  no  doubt  they  express  the  secretion  of  the 
gland  at  the  same  time  and  in  the  same  required  direction,  so  as 
to  bring  both  secretions  within  the  grasp  of  the  ejaculator 
muscles.  These  prostatic  fibres  can  scarcely  be  credited  with 
any  agency  associated  with  micturition,  as  they  have  no  homo- 
logue  in  the  female.  The  relation  of  the  levator  ani  to  the 
prostate  might  suggest  that  this  muscle  is  capable  of  compress- 
ing it,  and  of  thus  aiding  in  closing  the  urethra.  But  it  is  more 
than  doubtful  whether  these  fibres  in  any  degree  envelop  the 
gland,  as  usually  described  by  anatomists,  after  Santorini ;  they 
really  pass  from  its  sides  on  to  the  rectum. 

The  memhranous  urethra  is  composed  of  elastic  and  erectile 
tissues,  with  circular  muscular  fibres.  The  female  urethra 
corresponds,  in  position  and  structure,  with  this  portion  in  the 
male;  but  its  elastic  fibres,  as  well  as  its  erectile  tissue  and 
the  muscular  fibres  which  encircle  it,  are  more  developed  in  the 
former  than  in  the  latter.  There  is  one  muscle  common  to  both 
sexes,  viz.,  the  compressor  vrethrce,  which  surrounds  the  urethra 
whilst  beneath  the  arch  of  the  pubes  and  between  the  layers  of 
the  triangular  ligament.  It  is  needless  to  say  that,  although 
the  accelerator  urinae  and  erector  penis  have  their  homologues 
in  the  female,  their  function  in  this  sex  has  no  relation  to  the 
act  of  micturition. 

The  vesical  nerves,  derived  from  the  lower  part  of  the  hypo- 
gastric plexus,  consist  of  spinal  nerves,  intermingled  with  others 
derived  from  the  lumbar  and  sacral  ganglia  of  the  sympathetic. 

Impressed  as  I  was  with  the  prevailing  belief  that  the  empty- 
ing of  the  bladder  is  a  purely  reflex  act,  I  proceeded  to  examine 
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the  correctness  of  this  view  in  the  following  way.  Given,  a 
bladder  containing  a  small  quantity,  say  three  or  four  ounces, 
of  water,  and  no  desire  to  expel  it,  how  is  micturition  accom- 
plished ?  The  ability  cannot  be  doubted ;  and  the  act  is  clearly 
voluntary.  The  exercise  of  the  will  must  be  either  in  active 
expulsion,  or  in  suspension  of  obstructive  control.  But  this 
diflBculty  has  been  met  by  the  assertion  that  contraction  of  the 
abdominal  muscles  is  the  initiation  of  the  act  I  therefore 
tested  this  statement  by  a  careful  examination  of  the  condition 
of  these  muscles  during  micturition,  in  various  states  of  the 
bladder  as  regards  the  quantity  of  urine  it  contained,  with  the 
result  of  satisfying  myself  that  there  is  no  evidence  to  support 
this  supposition.  Moreover,  no  voluntary  effort  of  the  abdominal 
muscles  sufiBces,  by  itself,  to  stimulate  the  bladder  to  respond, 
when  its  action  is  suspended  emotionaUy,  as  by  nervous  apprehen- 
sion or  shame, — a  condition  to  which  this  organ  seems  peculiarly 
susceptible,  though  not  singularly  so;  for  strong  emotion  will 
paralyse  other  muscles  which  are  more  directly  subject  to  the 
will ;  or,  more  properly  speaking,  which  are  less  generally  in- 
fluenced by  the  excito-motor  centre.  No  doubt  the  abdominal 
muscles  may  be  employed  voluntarily,  and  usually  are  so  when 
a  desire  exists  to  accelerate  the  passage  of  the  urine ;  and  also 
immediately  preceding  the  final  ejaculatory  act  by  the  perineal 
muscles:  but  my  contention  is  that,  unless  thus  called  into 
action,  these  muscles  are  perfectly  passive.  Any  contraction  of 
the  abdominal  wall,  which  would  suffice  to  initiate  the  act  of 
micturition  when  the  bladder  contains  only  a  small  quantity  of 
water,  must,  in  a  thin  person,  be  obvious  to  the  touch.  But  ex- 
periment may  satisfy  anyone  that  voluntary  contraction  of  the 
abdominal  wall,  so  far  from  facilitating  the  commencement  of 
the  act,  really  obstructs  and  delays  it ;  the  effort  is  sensibly  of  a 
different  nature.  In  defsecation,  likewise,  though  the  abdominal 
muscles  very  generally  take  an  active  part,  their  intervention  is 
not  essential ;  the  peristaltic  movement  of  the  intestine  can  by 
itself  suffice,  as  proved  in  diarrhoea,  or,  still  more  manifestly  so, 
where  voluntary  power  is  suspended  by  disease  or  injury. 

If,  however,  under  the  conditions  mentioned  and  excluding 
the  abdominal  muscles  from  any  necessary  participation,  it 
be  still  maintained  that  the  muscular  coat  of  the  bladder  is  not 
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under  the  direct  government  of  the  will,  the  only  alternative  is 
to  assume  that  the  bladder  needs  and  possesses  a  strong  sphinc- 
ter, which  is  in  constant  reflex  action,  controlling  the  outlet; 
that  the  will  is  capable  of  inhibiting  this  reflex  action ;  and  that 
such  control,  when  exercised,  simultaneously  excites  the  reflex 
contraction  of  the  bladder.  But  can  such  a  complicated  as- 
sumption be  regarded  as  consistent  with  accepted  physiological 
doctrine  and  observation  ?  I  believe  not ;  even  if  the  assumed 
need  for  the  presence  of  such  a  sphincter  were  admissible,  which 
I  shall  endeavour  to  show  is  not  the  case.  In  thus  expressing 
myself  I  do  not  intend  to  deny  that  the  bladder  may  and  does 
act  under  reflex  influence.  All  muscles  are  subject,  more  or  less, 
to  this  agency,  and  probably  the  bladder  is  peculiarly  so.  What 
I  contend  for  is  that  the  will  has  direct  power  in  determining 
its  contraction.  But  I  hope  to  illustrate  this  branch  of  the  sub- 
ject further  on. 

I  now  proceed  to  inquire  how  the  bladder  retains  its  contents 
under  different  circumstances.  In  considering  this  question  in 
relation  to  both  sexes,  it  is  necessary  to  exclude  the  prostate 
gland  and  the  urethra  in  front  of  its  membranous  division,  which 
is,  in  the  male,  the  homologne  of  the  female  urethra. 

Assuming,  for  the  sake  of  argument,  that  the  bladder  requires 
a  restraining  sphincter,  what  muscular  arrangement  exists  by 
which  the  expulsion  of  the  urine  may  be  controlled?  If  the 
annular  fibres  around  the  neck  of  the  bladder  be  credited  with 
this  function,  then  the  inhibition  of  their  action  must  be  volun- 
tary and  synchronous  with  the  reflex,  contraction  of  the  muscu- 
lar coat  of  the  bladder  generally,  with  which  they  are  continuous 
and  intermingled,  as  well  as  identical  in  structure.  I  have 
already  stated  my  reasons  for  rejecting  this  supposition.  More- 
over, these  circular  fibres  are  not  aggregated  in  the  form  in  which 
we  should  expect  a  sphincter  muscle  to  present  itself  when  the 
bladder  is  distended ;  bat  they  are  so  arranged  as  to  constitute  a 
detrusor  muscle  when  and  where  it  is  most  required,  viz.,  when 
the  bladder  is  nearly  emptied,  and  the  urine  gravitates  towards 
its  neck ;  just,  in  fact,  as  the  mixed  annular  fibres  at  the  lower 
part  of  the  rectum  act  in  expelling  its  contents,  after  being  ex- 
panded by  the  pressure  from  behind. 

I  formerly  thought  (as  expressed  in  the  paper  to  which  I  have 
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alluded)  that  the  accelerator  urince  might  act  as  a  sphincter:  but, 
except  under  special  circumstances,  I  do  not  now  think  this  is 
the  case;  for  the  retaining  power  of  the  bladder  seems  to  be 
very  little  interfered  with  when  the  urethra  is  laid  open  behind 
the  bulb :  moreover,  its  homologuo  in  the  female  can  have  no 
such  action.  The  position  of  the  compressor  urethrse  is  such  as 
to  qualify  it  to  close  the  opening  from  the  bladder  into  the 
urethra :  but  would  the  inhibition  of  its  action  suffice  to  liberate 
that  opening,  and  to  stimulate  the  muscular  coat  to  reflex  action 
when  the  bladder  contains  only  a  small  quantity  of  water  ?  I 
apprehend  that  such  an  explanation  could  scarcely  be  entertained 
seriously. 

In  considering  the  retaining  capability  of  the  bladder  we  have 
to  take  into  account  the  hydrostatic  condition  of  the  organ,  the 
elasticity  of  its  outlet  and  excretory  duct,  and  the  muscular  ap- 
paratus in  connection  therewith.  Of  these  I  consider  the  first  or 
passive  resistance  to  evacuation  as  by  far  the  most  potential. 
For  all  practical  purposes  we  may  regard  the  bladder  as  a  spheri- 
cal reservoir  with  but  one  outlet,  as  the  ureters  are  really  closed 
against  any  retrogression  of  the  urine.  If  the  ratios  of  the  pres- 
sure between  this  large  reservoir  and  the  small  cylindrical  tube 
with  which  it  is  connected  are  as  the  respective  areas  of  the 
tube  and  cistern,  the  collapse  of  the  urethral  wall  could  easily 
counterbalance  a  very  considerable  hydrostatic  pressure,  together 
with  that  which  is  exerted  by  the  elastic  resiliency  of  the  dis- 
tended bladder.  My  friend.  Dr.  Stone,  whom  I  have  consulted 
on  this  point,  informs  me  that  he  estimates  the  tension  on  the 
internal  area  of  the  bladder  to  be  about  560  times  that  on  the 
vesical  outlet,  A  certain  allowance  must  also  be  made  for  the 
friction  consequent  on  the  passage  of  the  fluid  through  a  long 
and  tortuous  channel.  The  absence  of  this  obstructive  agency 
in  the  female  ought  to  be,  and  I  presume  is,  attended  with  in- 
creased force  in  the  current  of  the  fluid  when  it  leaves  the  canal. 
Experimentally  we  know  that  this  passive  retaining  attribute  of 
the  bladder  exists.  After  death  we  often  find  a  considerable 
quantity  of  urine  in  the  human  bladder,  and  also  in  the  bladders 
of  slaughtered  animals;  in  neither  case  is  it  expelled,  as  it 
would  be  if  the  retention  were  dependent  on  muscular  action 
I  have  often  seen  the  fluid  contents  of  the  stomach  discharged 
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by  the  mouth,  immediatelj  the  diaphragm  has  relaxed  its  hold 
on  the  cardia  in  death,  and  the  elastic  pressure  of  a  distended 
abdomen  has  been  therefore  unopposed.  If  we  superadd  to  this 
passive  resistance  in  the  bladder  that  offered  by  the  elastic  and 
muscular  texture  of  the  urethra,  which  is  more  developed  in  the 
female  than  in  the  membranous  division  of  th3  male  canal,  we 
have,  in  my  opinion,  a  satisfactory  explanation  of  the  normal  re- 
tention of  the  urine. 

But,  as  we  are  conscious  of  the  desire  to  micturate,  so  are  we 
sensible  of  being  able  to  exercise  an  effort  to  restrain  the  action 
of  the  bladder.  What  is  this  ?  In  the  first  place,  I  believe  it  to 
be  a  voluntary  inhibition  of  the  contraction  of  the  bladder  when 
stimulated  by  a  centripetal  exciting  cause,  whether  that  be  an 
appeal  to  the  sensorium  or  to  the  spinal  centre.  Sometimes  in  the 
contest,  rasulting  from  over-distension  or  morbid  irritability  of 
bladder,  volition  is  compelled  to  yield.  But  beyond  this  passive 
restraint  there  is  the  compressor  urethree  muscle,  which,  though 
feeble  in  itself,  acquires  considerable  importance  from  its  position 
at  the  outlet  and  its  relation  to  the  urethra.  If  the  hydrostatic 
pressure  on  the  vesical  outlet  is  relatively  so  inconsiderable,  it  is 
not  unreasonable  to  believe  that  the  action  of  this  small  muscle 
sensibly  augments  the  retaining  power  of  the  bladder.  Probably 
this  function  is  exercised  only  when  the  bladder  is  distended, 
and  as  a  reflex  consequence  of  such  distension ;  but  it  may,  like 
that  of  the  cutaneous  sphincter  ani  in  similar  circumstances,  be 
exerted  under  the  direction  of  the  will.  Thus,  I  infer  that  the 
effort  by  which  we  control  the  desire  to  micturate  is  due  to  the 
restraint  exercised  by  the  will,  and  to  the  action  of  the  compres- 
sor urethrse  muscle,  which  may  be  regarded  as  analogous,  in  its 
relations  and  functions,  to  its  more  powerful  neighbour,  the  cu- 
taneous sphincter  of  the  rectum.  Both  are  caUed  into  action  in 
the  erect  posture,  and  during  any  exertion  in  which  the  abdo- 
minal muscles  are  usually  engaged,  as  in  coughing.  And  I  may 
here  remark  that,  if  my  data  and  argument  be  not  impugned,  it 
is  impossible  to  suggest  any  sufficient  check  to  the  evacuation  of 
the  bladder,  when  sensibly  stimulated  by  distension,  unless  it  be, 
at  any  rate  chiefly,  that  of  direct  voluntary  control  over  the 
expulsive  force ;  and  it  such  exercise  of  volition  be  admitted,  it 
seems  to  me  that  the  direct  predominant  agency  of  the  will  in 
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determining  the  expulsive  action  cannot  be  denied,  i.e.,  so  long  as 
sensibility  is  unimpaired. 

I  will  now  say  a  few  words  respecting  other  parts  of  the  male 
urethra.  As  regards  the  prostate  I  do  not  think,  as  I  have 
already  remarked,  that  the  healthy  gland  exercises  any  influence 
on  the  passage  of  the  urine  through  it:  but  in  front  of  the 
membranous  urethra  the  presence  of  a  powerful  muscle,  the 
accelerator  urince,  commanding  the  passage,  requires  notica  Its 
special  function  in  micturition  is  to  clear  the  passage,  in  front  of 
it,  of  the  water  that  would  otherwise  dribble  away.  This  is 
accomplished,  not  only  by  compression  of  the  bulb,  but  alao  by 
producing,  in  concert  with  the  muscles  of  the  crura,  a  momentary 
distension  of  the  erectile  tissue,  which  passes  forwards  as  a  wave 
towards  the  extremity  of  the  canal  But  the  accelerator  muscle 
has  another  function  which  must  be  necessarily  absent  in  the 
female,  viz.,  that  of  suddenly  arresting  the  flow  of  water  during 
micturition.  T  believe,  from  observation  of  such  cases,  that 
spasm  of  this  muscle  is  the  usual  obstruction  in  what  is  termed 
spasmodic  stricture ;  and  that  otherwise  this  form  of  obstruction 
(except  it  be  also  in  the  membranous  urethra  and  due  to  the  com- 
pressor muscle),  is  very  much  of  a  myth,  which  has  often  served 
the  purpose  of  an  excuse  for  clumsy  catheterism.  Further,  T  do 
not  doubt  that,  in  some  instances,  the  accelerator  muscle,  when 
acting  under  reflex  influence,  is  capable  of  resisting  considerable 
pressure  from  behind.  To  compensate  for  this,  and  for  the 
resistance  from  friction  in  the  male  canal,  both  the  elastic  and 
muscular  elements  of  the  female  urethra  are  more  developed 
than  in  the  membranous  urethra  of  the  other  sex.  Even  the 
erectile  tissue,  especially  in  the.  female  urethra,  may  aid,  when 
the  compressor  is  in  action,  in  closing  the  canal.  In  the  erect 
posture  and  during  active  exertion  there  is  a  general  tonic  con- 
traction, not  only  of  the  sphincters,  but  also  of  the  levator  ani 
and  other  muscles  commanding  the  pelvic  outlet  A  similar 
arrangement  may  be  observed,  even  in  ordinary  inspiration,  when 
the  body  is  erect:  the  abdominal  muscles  are  no  longer  the  passive 
wall  that  they  are  in  the  recumbent  posture,  for  the  abdominal 
breathing  is  not  then  so  pure  and  simple ;  but  it  is  limited,  for 
an  obvious  restson,  by  the  tonic  action  of  the  surrounding  muscles. 

I  may  here  notice  an  objection  which  will  naturally  be  raised 
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bo  my  argument,  and  that  is  the  auatomical  distinction  between 
the  voluntary  and  involuntary  muscles.  But  are  we  to  reject 
the  proposition  that  the  muscular  coat  of  the  bladder  is  under 
the  direct  influence  of  the  will  because  it  is  composed  of  un~ 
striped  fibres  ?  If  so,  why  not  deny  involuntary  activity  to  the 
striped  fibres  of  the  heart,  pharynx,  and  oesophagus,  or  voluntary 
action  to  the  ciliary  muscle  ?  This  physiological  distinction  on 
anatomical  grounds  is  only  arbitrary,  and  is  unsupported  by  any 
physiological  necessity  of  alliance  between  structure  and  function. 
Why  some  muscles  are  striped  and  others  unstriped  is  an  unsolved 
problem,  which  may  hereafter  be  shown  to  characterise  differ- 
entially their  functional  activity,  or  to  have  more  relation  to 
the  distribution  of  the  cyclo-ganglionic  nerves  than  to  any 
special  function  associated  with  the  cer ebro-spinal  system ;  or 
to  be  totally  unconnected  with  either.  I  may  further  observe 
that  most  spinal-reflex  acts  are  more  or  less  subject  to  the 
control  of  the  will.  Such  is  the  case  with  the  action  of  the 
sphincters,  the  larynx,  the  diaphragm.  The  contraction  of  the 
pharynx  and  oesophagus  seems  to  be  purely  reflex,  though  the 
initiation  of  swallowing  is  voluntary ;  and  these  specially  reflex 
and  involuntary  muscles  belong  to  the  striped  class. 

In  studying  the  reflex  phenomena  one  cannot  fail  to  be  struck 
with  the  remarkable  development  of  this  function  in  early  life. 
Keflex  movements,  under  appropriate  stimulants,  are  most 
manifest  where  voluntary  influence  is  most  deficient ;  and  the 
converse  is  also  true.  The  will  has  to  be  educated  and  habit 
must  be  acquired  before  volition  supersedes  reflex  action.  These 
remarks  apply  to  the  act  of  micturition  as  well  as  to  the  action 
of  muscles  geneiully.  Indeed,  until  education  and  habit  have 
asserted  their  sway,  it  would  seem  that  the  evacuation  of  the 
bladder  is  a  purely  reflex  act.  This  is  remarkably  exemplified 
in  the  case  of  anencephalous  infants,  in  which  not  only  are 
respiration  and  deglutition  performed  naturally,  and  the  limbs 
moved  when  excited,  but  the  sphincters  are  active,  and  the  urine 
and  faeces  are  voided.  A  case  of  this  kind  io  narrated  by  Sir 
William  Lawrence  in  the  fifth  volume  of  the  Medico-CJiirurgical 
Transactions;  and  this  account  preceded  the  discoveries  of  Dr. 
Marshall  Hall,  who  quotes  similar  instances  given  by  Lallemand 
and  Ollivier.    The  fact  is,  that  all  the  actions  essential  to  the 
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maintenaDce  of  earliest  life,  iucluding  suction,  are  reflex :  and  is 
it  not  the  fact  that  in  old  age,  as  the  energy  of  the  will  (in  a 
physiological  senso)  abates,  reflex  influence  again  becomes 
relatively  more  active,  as  manifested  especially  in  morbid  con- 
ditions of  the  frame  ?  The  controlling  power  of  the  will  is 
evoked  by  education  and  couBrmed  by  habit;  the  primitive 
condition  offering  an  interesting  subject  of  study  in  contrast 
with  that  which  is  pi^esented  in  after-life,  when  volition  is  sus- 
pended by  cerebral  or  spinal  injury.  The  influence  of  habit  is 
exemplified  by  control  of  the  bladder  during  sleep,  by  the 
phenomena  of  somnambulism,  and  in  various  other  ways  known 
to  physiologists.  In  like  manner,  numberless  voluntary  acts 
become  purely  automatic  by  habit;  they  are  performed  un- 
consciously, and  even  when  they  would  be  checked  if  the  will 
were  not  slumbering.  Still  moi-e  striking  instances  are  on  rocord 
of  such  habitual  movements  occurring  when  the  brain  is  in- 
capable of  taking  cognisance  of  external  objects.  The  power  of 
association  also  is  manifested  in  the  desire  to  urinate  which  is 
excited  by  washing  the  hands,  retiring  to  bed,  &a  Similar 
instances  illustrate  the  influence  of  habit  and  education  in 
domestic  animals.  The  puppy  will  pass  water  whenever  hia 
bladder  is  distended,  and  wherever  he  may  be ;  but  the  adult 
and  trained  dog  will  remain  for  hours  indoors  without  urinating, 
although  he  will  do  so  repeatedly  and  at  short  intervals  when 
running  frea  The  horse,  again,  will  delay  to  stale  on  a  long 
journey  until  he  reaches  his  own  stable.  Bub  it  is  unnecessary 
to  pursue  this  subject  further. 

In  studying  the  Pathology  of  micturition  we  have  to  consider 
those  conditions  in  which  the  bladder  either  expels  or  retains  ab- 
normally its  contents;  in  other  words,  incontinence  and  retention: 
and  each  of  these  states  may  be  the  result  of  disease  or  injury. 

Incontinence  may  occur  at  any  age,  and  is  due  to  various  causes. 
In  children  it  is  not  uncommon  during  sleep,  after  education  has 
been  confirmed  by  the  habit  of  retention  at  other  times.  Various 
remote  causes  may  operate  in  exciting  the  act  under  these  cir- 
cumstances; but  the  explanation  is  that  the  centripetal  stimulus 
is  abnormally  strong,  or  the  habit  of  control  is  too  feeble  to  resist 
it.    At  any  period  of  life  an  irritable  or  inflamed  state  of  the 
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vesical  macoas  membrane,  the  presence  of  an  irritating  body  in 
the  bladder,  or  an  unhealthy  condition  of  the  urine,  or  even 
strong  emotion,  will  produce   the  same  result     Incontinence 
in  hysteria  is  infrequent,  but  may  be  referred  to  a  caprici- 
ous or  enfeebled  exercise  of  the  will     In  old  age  I  believe  the 
explanation  of  incontinence  to  be,  in  most  cases,  the  simple 
overflow  of  a  distended  bladder.    The  supposition  that  the  urine 
passes  directly  from  the  ureters  through  a  collapsed  and  atonic 
bladder  is  forbidden  by  the  operation  of  the  hydrostatic  law 
already  referred  to,  even  assuming  that  all  active  obstruction  is 
removed.    In  such  cases  the  urine  may  be  retained  whilst  the 
patient  is  in  the  recumbent  posture  or  at  rest ;  but  exercise  in  the 
erect  posture  is  accompanied  by  its  discharge.    This  is  attribut- 
able, in  great  measure,  to  the  pressure  of  the  abdominal  muscles 
on  the  bladder,  together  with  the  stimulus  to  urinate  consequent 
thereon.    Females,  in  like  manner,  are  occasionally  subject  to 
incontinence  during  pregnancy,  when  coughing  or  exerting  them- 
selves ;  the  same  explanation  applies  in  this  instance,  as  also  in 
some  convulsive  afifections  besides  hysteria,  such  as  epilepsy  and 
chorea,  in  which  the  urine  is  occasionally  expelled  during  the 
attack.     In  the  aged,  however,  there  is  sometimes,  indeed  not 
infrequently,  a  morbid  sensibility  of  the  mucous  membrane  of 
the  bladder,  which,  in  concert  with  enfeebled  power  of  control 
and  relatively  augmented  reflex  activity,  produces  incontinence. 
The  causes  of  reterUion  of  urine  may  be  mechanical  or  physio- 
logical   The  former  class  of  cases  present  themselves  in  the 
form  of  an  enlarged  prostate,  diseased  growth  in  the  bladder,  the 
presence  of  a  stone  or  clot  of  blood,  stricture,  &c.    But  these 
i|^ay  be  dismissed  with  the  remark  that  hypertrophy  of  the 
vesical  muscular  fibres,  so  frequent  in  some  of  these  cases,  is  a 
condition  which  is  common  to  both  voluntary  and  involuntary 
muscles  when  stimulated  to  increased  action ;  and  therefore  this 
muscular  growth  does  not  affect  the  physiological  question  under 
discussion.    Retention  in  old  age  is  usually  the  consequence  of 
defective  voluntary  control  over  an  enfeebled  bladder.     But 
this  condition,  as  already  remarked,  may  be  associated  with 
morbid  irritability  of  the  mucous  membrane,  exciting  occasional 
reflex  contraction,  and  incontinence  as  a  consequence.     Simple 
dribbling  of    the  water  in    retention,   which  is  much   more 
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frequent,  is  the  result  of  pressure  fi'om  distension  gradually 
overcoming  the  resistance  of  impaired  textures  in  front  In 
such  cases  the  habit  of  retention  is  progressive  without  the 
knowledge  of  the  patient,  until  at  length  incontinence  re- 
veals the  truth.  Hysterical  retention,  or  what  is  so  called, 
is  more  often  met  with  than  incontinence.  It  is  a  singular 
affection,  for  the  bladder  sometimes  becomes  enormously  dis- 
tended before  relief  is  sought,  or  even  complaint  made.  Some 
such  cases  are  referable  to  a  morbid  mental  or  moral  condition, 
which,  if  yielded  to  by  the  medical  attendant,  entails  his  constant 
interference.  When  genuine,  the  only  explanation  I  can  offer  is 
that  the  exercise  of  the  will  is  perverted  or  in  abeyance,  and  that 
the  mucous  membrane  is  in  a  state  of  morbid  insensibility,  as 
manifested  by  the  indifference  to  the  distension;  the  consequence 
being  that  the  peripheral  extremities  of  the  afferent  nerved  fail 
to  convey  an  impression  sufiBciently  lively  to  induce  contraction 
of  the  bladder.  A  temporary  incapacity  to  pass  water  sometimes 
occurs  in  nervous  persons,  when  in  the  presence  of  strangers. 
This  is  evidently  a  suspension  of  the  power  of  exercising  the  will 
under  mental  emotion,  and  appears  to  confirm  the  view  that  the 
beginning  of  the  act  is  under  direct  voluntary  control.  Cer- 
tainly in  this  condition  no  contraction,  however  active,  of  the 
abnominal  muscles  avails  to  stimulate  into  action  the  muscular 
coat  of  the  bladder.  I  cannot  believe  that  any  reflex  obstruction 
at  the  neck  of  the  bladder  or  in  its  vicinity  can  account  for  this 
peculiar  condition;  for  the  victim  of  it  is  incapable  of  even  making 
an  effort  to  relieve  himself. 

Incontinence  or  retention  may  result  from  injury.  Where  the 
former  is  the  case  (except  in  excessive  distension)  the  lesion 
must  involve  the  restraining  neck  of  the  bladder,  as,  for  example, 
in  dilatation  or  section  of  the  female  urethra  for  extraction  of  a 
stone.  The  urethra  in  front  of  the  neck  may  be  largely  dilated 
without  necessarily  entailing  incontinence.  The  same  is  the  case, 
apparently,  in  the  male  urethra:  for  Mr.  Cock  informs  me  that  he 
has  had  at  least  two  cases  in  which,  after  his  operation  of  punctur- 
ing the  front  of  the  prostate,  the  patients  were  enabled  to  retain 
their  water  naturally,  the  urethra  in  front  of  the  perineal  outlet 
being  permanently  obliterated.  Probably  in  these  instances  the 
compressor  muscle  may  have  regained  its  command  behind  the 
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artificial  opeuiug,  though  this  need  not  be  regarded  as  essential 
In  cases  of  extravasation  of  urine,  treated  by  free  incision,  when 
a  catheter  is  not  employed  to  mar  the  healing  process,  I  believe 
it  \nll  be  found  that  the  urine  always  escapes  into  the  poultice 
at  intervals  and  not  by  continued  dribbling ;  unless  indeed  the 
bladder  becomes  distended,  which  very  rarely  occurs. 

Retention  is  a  consequence  of  lesion  of  the  brain  or  spinal 
cord,  either  suspending  all  voluntary  power  or  cutting  it  off  from 
the  bladder.  In  compression  of  the  brain  the  retention  is  more 
or  less  positive  in  accordance  with  the  intensity  of  the  coma ;  in 
compression  of  the  cord,  as  from  fracture,  where  the  paraplegia 
is  complete,  the  bladder  is  absolutely  inactive.  This  latter  con- 
dition seems  suggestive  of  the  entire  insusceptibility  of  the  blad- 
der to  reflex  influence  when  cut  off  from  the  source  of  sensation 
and  volition  ;  but  Mr.  Savory  has  directed  attention  to  the  fact 
that  the  violence  and  shock  inflicted  by  crushing  the  cord  has 
the  effect  of  diminishing  its  reflex  sensibility  below  the  injury.^ 
Indeed,  this  observation  is  confirmed  by  other  experiments  in 
such  cases,  designed  to  test  that  susceptibility  in  the  lower  limbs : 
the  response  is  feeble,  and  becomes  increasingly  so  as  life  wanes, 
though  the  functions  of  the  brain  may  retain  their  activity  in 
parts  above  the  seat  of  injury.  It  is  said  that  the  bladder,  in 
cases  of  compressed  cord,  will  sometimes  expel  the  urine  by 
reflex  action.  I  cannot  say  I  have  ever  seen  this  exemplified. 
Occasionally  a  full  bladder  may,  in  the  act  of  coughing,  eject 
some  of  its  contents,  when  the  injury  does  not  involve  the  ner- 
vous supply  to  the  abdominal  muscles.  It  is  also  said  that  a 
dog  has  urinated  naturally  after  section  of  the  cord  in  the  dorsal 
region.  I  can  believe  that,  the  cord  being  divided  by  a  clean  cut 
and  without  further  shock,  the  reflex  nerve-force  supplied  to  the 
bladder  might  suffice  to  excite  an  apparently  natural  ejection 
of  the  urine :  but  I  suspect  this  was  an  exceptionally  successful 
experiment. 

I  will  finish  with  two  or  three  supplementary  observations, 
before  I  proceed  to  make  some  remarks  on  the  sphincters  of  the 
rectum. 

The  sensation  of  a  desire  to  pass  water  is  an  appeal  to  the 
sensorium ;  and  this,  as  I  believe,  implies  an  act  of  volition  in 

*  SL  Bartholomew* a  Mospilal  Reports. 
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the  effort  that  follows.  The  necessity  for  this  appeal,  if  the 
consequent  act  be  purely  reflex,  is  not  apparent,  except  it  be  as 
a  warning  to  the  will  to  restrain  it.  I  apprehend  that  the  con- 
dition of  the  muscular  coat  of  the  bladder,  as  r^ards  its  innerva- 
tion, resembles  that  of  the  ordinary  voluntary  muscles.  The 
muscular  sense  conveys  information  to  the  sensorium  on  which 
the  will  acts;  in  like  manner  the  sensation  of  a  desire  to 
micturate  is  the  centripetal  appeal  to  the  sensory  ganglia  of 
the  brain,  which  excites  the  agency  of  the  will ;  and  the  allied 
motor  ganglia  supply  the  force  which  is  conveyed  through  the 
efferent  nerves.  But  in  each  case  the  same  muscles  are  also 
under  spinal  reflex  influence ;  yet  this  does  not  necessarily  imply 
the  existence  of  two  independent  circles.  On  the  contrary, 
there  is  reason  to  believe,  on  anatomical  as  well  as  physiological 
grounds,  that  the  nerve-fibres,  both  afferent  and  efferent,  com- 
municate with  the  grey  matter  of  the  cord,  tM)nveying  impres- 
sions to  it,  and  receiving  energy  from  it,  in  their  progress  to  and 
from  the  brain. 

The  urine  is  retained  longer,  without  distress,  in  the  recumbent 
than  in  the  erect  posture.  This  difference  may  be  due  partly  to 
the  absence  of  tension  of  the  parietes  of  the  abdomen  and  pelvic 
outlet  when  the  body  is  in  a  state  of  repose,  but  chiefly  to  the 
gravitation  of  the  urine,  and  consequent  pressure  on  the  sensitive 
neck  of  the  bladder  in  the  upright  position.  The  desire  to  pass 
water,  and  the  commencing  effort,  are  accompanied  by  a  sensa- 
tion as  if  there  were  some  relaxation  of  the  outlet.  This  sensa- 
tion is  referable  to  the  same  cause,  namely,  pressure  on  the 
urethral  outlet  overcoming  the  passive  resistance  there.  When 
the  act  of  urinating  is  begun,  the  will  seems  to  have  but  feeble 
power  in  controlling  its  completion,  except,  as  I  have  already 
remarked,  that  the  outflow  may  be  suddenly  arrested  in  the  male 
by  the  accelerator  muscle.  This  lack  of  restraining  power  is, 
probably,  the  effect  of  habit  in  great  measure ;  but,  the  passive 
obstruction  having  been  overcome,  the  suspension  of  the  act, 
without  positive  control,  would  naturally  be  difficult  In  women 
the  retaining  power  is  usually  greater  than  in  men,  and  the 
female  bladder  is  somewhat  more  capacious;  but  both  these 
circumstances  are  probably  the  natural  consequence  of  habit 
fostered  by  necessity. 
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SoTtie  Remarks  on  the  Sphiriders  of  the  Mectum. 

The  cutaneous  sphincter,  which  may  be  described  as  horizontal, 
though  not  strictly  so,  is  rounded  anteriorly  in  the  female,  but 
pointed  in  the  male  where  it  is  attached  to  the  accelerator 
urinse,  in  harmony  with  which  it  acts.  It  is  chiefly  a  voluntary 
muscle,  but  acts  also,  more  or  less,  under  spinal  reflex  influence, 
such  action  varying  in  d^ee  according  to  the  position,  activity 
or  rest  of  the  body. 

The  intestinal  or  annular  sphincter  is  in  constant  and  vigorous 
action,  under  the  command  of  the  spinal  reflex  centre ;  it  is  the 
true  guardian  of  the  outlet,  being  very  little  under  the  influence 
of  the  will. 

These  opinions  are  founded  on  the  following  observations  and 
facts : — The  cutaneous  sphincter  resembles,  in  every  respect,  the 
voluntary  muscles.  It  is  readily  and  freely  employed  at  the 
bidding  of  the  will.  Its  position  and  relations  are  such  as  to 
enable  it  to  close  the  outlet  of  the  bowel,  by  puckering  the  skin, 
as  the  mouth  of  a  bag  is  closed,  but  not  so  as  to  constitute,  alone, 
a  sufficient  security  against  the  escape  of  its  contents,  when  the 
peristaltic  movement  is  active. 

The  vertical  plane  of  fibres,  which  is  just  within  the  cutaneous 
sphincter,  is  constituted  of  a  strong  annular  band  of  considerable 
thickness,  and  of  darker  hue  than  the  muscular  coat  of  the 
intestine.  This  band  is  not  abruptly  defined,  but  mingles  with 
the  circular  fibres  higher  up ;  and  the  gradual  blending  in  colour 
of  th^  intervening  fibres,  which  is  independent  of  their  aggrega- 
tion, suggests  a  mixed  character  in  respect  of  their  function,  as 
associated  with  this  change.  The  position  and  arrangement  of 
this  annular  band,  which  is  uninfluenced  mechanically  by  dis- 
tension above,  \&  exactly  such  as  to  qualify  it  for  the  office 
assigned  to  it.  Its  nerve-supply,  in  contrast  with  that  of  the 
commencing  portion  of  the  rectum,  is  derived  chiefly  from  the 
sacral  brandies  of  the  spinal  nerves.  In  texture  and  appearance 
it  resembles  the  muscles  supplied  by  these  nerves,  rather  than 
those  under  cyclo-ganglionic  control. 

When  the  outlet  of  the  bowel  is  examined,  the  cutaneous 
sphincter  is  found  usually  not  firmly  contracted  unless  irritated : 
bat  just  within  the  superficial  plane  of  muscle  a  rigidly  con- 
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tracted  annular  band  is  felt,  which  seems  to  be  uninfluenced  by 
the  introduction  of  the  finger,  and  to  be  relaxed  only  in  associa- 
tion with  the  effort  or  urgent  need  to  evacuate  the  bowel, 
(bearing  down).  Defaecation  is  completed  by  its  immediate  after- 
contraction.  Thus,  diarrhoaa  relaxes  this  muscle,  and  calls  into 
voluntary  activity  the  cutaneous  sphincter.  In  paraplegia  from 
injured  cord,  although  at  first  the  bowel  may  empty  itself  un- 
consciously to  the  patient,  constipation  usually  follows,  due,  as 
I  believe,  partly  to  the  deterioration  of  spinal-reflex  power  in 
the  lower  third  of  the  rectum,  consequent  on  the  lesion  the  cord 
has  sustained,  and  also,  doubtless,  in  part  to  the  inability  of  the 
abdominal  muscles  to  assist  the  expulsive  effort,  if  the  injury  be 
sufficiently  high  up  to  paralyse  them.  When  arguing,  very 
many  years  since,  in  favour  of  the  view  that  the  lower  part  of 
the  rectum  derives  special  innervation  from  the  spinal  centre, 
I  quoted  the  following  experiment,  which  was  performed  inci- 
dentally when  I  was  engaged,  in  a  very  humble  way,  in  assisting 
Dr.  Marshall  Hall  in  his  investigations.  Having  had  the  entire 
alimentary  canal  removed  from  a  horse  immediately  after  death, 
I  remarked  that  the  peristaltic  movement,  which  was  vigorous 
in  the  small  and  upper  part  of  the  large  intestines,  became  less 
active  in  the  rectum,  until  it  was  scarcely  perceptible  in  its 
lower  part.  The  contents  of  the  bowel  were  readily  expelled 
through  an  artificial  opening  higher  up,  by  the  rhjrthmic  wave, 
which  failed  to  reach  the  lowest  part  of  the  rectum  and  force  its 
contents  through  its  Open  mouth.^ 

During  defsecation  the  sphincters  are  relaxed.  This  is  an 
associated  and  necessary  condition,  which  is  exemplified  in  many 
analogous  instances ;  notably  in  relaxation  of  the  pyloric  ring 
when  the  digested  food  is  urged  to  apply  for  a  passage  through 
it ;  also  in  the  varying  condition  of  the  rima  glottidis  in  respira- 
tion, in  dilatation  of  the  nostrils  in  dyspnoea,  in  degluti- 
tion, &c. 

In  connection  with  this  subject,  I  may  notice  the  apparent 
anomaly  of  the  inaction  of  the  bladder  simultaneously  with 
unconscious  evacuation  of  the  intestine  in  crushed  spinal  cord, 
or  in  compression  of  the  brain.  The  competency  of  the 
bowel  to  empty  itself  is  often  attributed  solely  to  i^aralysis  of 

*  Anatomy  and  Physiology  of  the  Nervous  System^  1836. 
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the  sphincters ;  and  this  is  correct  so  far  as  voluntary  control  by 
the  cntaneoiis  sphincter  is  concerned,  but  very  little  otherwise. 
There  is  really  no  anomaly  if  we  consider  the  source  of  nerve-force 
supplied  respectively  to  the  bladder  and  intestine.  The  latter, 
except  at  the  lowest  part  of  the  rectum,  is  under  the  control  of 
the  cyclo-ganglionic  nerve-centres;  and  the  peristaltic  action 
is,  therefore,  undisturbed  by  injury  to  the  brain  or  cord.  It  is 
true  that  the  reflex  power  of  the  sphincters  is  impaired  by  the 
violence  inflicted  on  the  cord,  as  already  noticed ;  and,  as  I  have 
remarked,  volition  is  suspended  or  annihilated ;  thus  the  resist- 
ance opposed  to  the  evacuation  is  lessened.  But  so  long  as 
the  lower  part  of  the  cord  is  intact  the  sphincters  retain,  to  a 
very  considerable  extent,  their  reflex  controlling  power,  though  it 
is  insufficient,  without  voluntary  aid,  to  prevent  the  expulsive 
action  of  the  intestine.  It  is  well  known  that  when  the  lumbar 
portion  of  the  cord  is  destroyed, — as  is  readily  shown  in  a 
decapitated  animal, — all  sphincter  action  ceases. 

Should  it  be  asked  why,  if  the  annular  fibres  constituting  the 
internal  sphincter  ani  are  credited  with  the  action  ascribed  to 
them,  the  same  office  is  denied  to  the  muscular  fibres  similarly 
related  to  the  neck  of  the  bladder,  I  believe  the  forgoing 
remarks  and  the  general  tenor  of  the  preceding  pages  afford  a 
sufficient  answer.  The  reasons  for  this  distinction  may  be  thus 
briefly  stated — 1.  The  arrangement  of  the  annular  fibres  of  the 
bladder  is  not  such  as  to  suggest  that  they  are  designed  for 
control  at  the  time  it  is  really  required,  viz.,  when  the  bladder 
is  distended.  In  the  rectum  the  circular  fibres  of  the  inner 
sphincter  form  around  the  outlet  a  more  compact  and  thicker 
ring,  which  is  undisturbed  by  the  distension  of  the  bowel  above. 

2.  The  character  of  the  annular  fibres  around  the  neck  of  the 
bladder  is  identical  with  that  of  its  general  muscular  coat,  and 
both  parts  derive  their  nerve-supply  from  the  same  source.  The 
ring  around  the  lower  extremity  of  the  rectum  is  deeper  in 
colour,  and,  instead  of  being  supplied  from  the  cyclo-ganglionic 
system,  receives  its  principal  innervation  from  the  spinal  centre. 

3.  There  is  very  little  need  for  active  or  muscular  control  at 
the  neck  of  the  bladder,  the  hydrostatic  law  alluded  to  sufficing 
to  resist,  passively,  very  great  pressure.  In  the  rectum  the 
necessity  for  such  muscular  control  is  obvious ;  and  especially 
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80  as  the  nerve-force  on  which  the  peristaltic  action  depends  is 
derived  from  the  cyclo-ganglionic  system,  and  is  therefore 
independent  of  the  cerebro-epinal  centre. 

The  following  are  the  physiological  conclusions,  whether  novel 
or  otherwise,  which  it  has  been  my  purpose  to  establish  and 
illustrate  :— 

1.  The  muscular  coat  of  the  bladder  acts  under  the  govern- 
ment of  the  will,  but  is  also  subject  to  reflex  influenca 

2.  The  abdominal  muscles  take  no  necessary  part  in  the 
expulsion  of  the  urine. 

3.  In  early  life  the  action  of  the  bladder  is  chiefly  reflex,  but 
is  gradually  rendered  voluntary  by  education  and  habit 

4.  The  retaining  power  of  the  bladder  is  due  (a)  in  great 
measure  to  the  hydrostatic  law,  in  accordance  with  which  the 
egress  of  fluid  from  a  reservoir  through  a  small  tube  is  deter- 
mined ;  (h)  to  the  elasticity  and  (?)  muscularity  of  the  urethra ; 
(c)  to  its  compression,  whilst  under  the  arch  of  the  pubes,  by  the 
compressor  urethrae  muscle. 

5.  The  annular  fibres  around  the  neck  of  the  bladder  have 
not  a  sphincter  action. 

6.  Incontinence  or  retention  of  urine  may  be  referred  to 
excessive  or  deficient  sensitiveness  of  bladder,  ill-regulated 
contix)l,  atony,  mechanical  obstruction.  When  violence  is  in- 
flicted on  the  nerve-centres,— either  brain  or  spinal  cord, — the 
bladder  may  be  rendered  partially  or  wholly  incapable  of  ex- 
pelling its  contents.  In  lesion  of  the  brain  this  incapacity  is 
proportioned  to  the  profundity  of  the  coma,  and  due  to  insensi- 
bility and  suspension  of  voluntary  power.  In  compression  of 
the  cord  the  cause  is  the  same,  but  operates  by  interruption  of 
the  aflerent  and  eflerent  currents ;  and  the  reflex  energy  of  the 
cord  is  also  impaired. 

7.  The  rectum  is  guarded  at  its  outlet  by  two  sphincter 
muscles,  one  cutaneous  and  chiefly  voluntary,  the  other  intes- 
tinal and  spinal-reflex.  In  compression  of  the  brain  the  former 
is  almost  or  entirely  disabled ;  in  compression  of  the  cord  the 
power  of  the  latter  is  likewise  impaired. 

8.  Where  an  appeal  is  made,  through  common  sensation,  to 
the  nerve-centres,  it  is  not  consistent  with  our  physiological 
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knowledge  to  exclade  volition  from  participating  in  the  origina- 
tion of  the  motor  force  which  is  evoked  by  that  appeal 

In  the  preceding  pages,  the  nature  of  my  subject  has  compelled 
me  to  assume  as  probable  some  things  which  do  not  admit  of 
demonstrative  proof ;  and  where  this  is  the  case,  I  have  expressed 
myself  accordingly.  But  if  my  views  are  such  as  to  satisfy 
physiological  criticism,  I  may  venture  to  claim  for  them  the 
farther  recommendation  that  they  afford  a  reasonable  explana- 
tion of  some  of  the  otherwise  obscure  pathological  phenomena 
presented  by  the  excretory  urinary  organs. 
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TEN  CASES  OF  CONGENITAL  CONTRACTION  OF  THE 
STOMACH,  WITH  Kemarks.     By  W,  Roger  Wiluams, 
F.RC.S.,    Surgical   Registrar    to  the   Middlesex    EospitaL 
'  (Plate  XVII.) 

Case  L — ^In  the  course  of  dissection  at  the  Middlesex  Hospital, 
in  the  Winter  Session  of  1879, 1  noticed  a  singular  deformity  of 
the  stomach. 

The  body  was  that  of  a  woman,  aged  72,  who  died  in  the 
workhouse,  a  month  previously,  of  cerebral  disease  and  apoplexy. 
When  alive  she  was  remarkable  for  her  voracious  appetite.  No 
further  particulars  could  be  obtained. 

Viewed  in  situ  the  stomach  consisted  of  two  divisions  {vide 
fig.  1,  for  which  I  am  indebted  to  Mr  Hensman),  separated  by 
a  narrow  contraction,  nearer  the  cardiac  than  the  pyloric  orifice. 
Of  these  the  cardiac  one  appeared  much  the  larger ;  it  was  of 
pyriform  shape,  with  the  base  above  and  the  apex  below,  at  the 
seat  of  contraction.  The  pyloric  division  was  elongated,  tapering 
at  each  end,  and  bulged  in  the  middle.  At  the  narrowing  these 
divisions  of  the  organ  were  approximated  by  a  flexure  of  the 
small  curvature,  the  cardiac  pouch  being  received  into  the 
concave  upper  border  of  the  pyloric  one. 

The  organ  also  presented  two  other  slight  contractions,  viz., 
one,  in  the  cardiac  division,  on  the  side  of  the  great  curvature, 
marking  the  limit  of  the  great  cul-de-sac ;  and  the  other,  in  the 
pyloric  division,  on  the  side  of  the  small  curvature,  marking  the 
limit  of  the  small  cul-de-sac. 

The  former  of  these  divisions  had  a  shiny,  membranous 
appearance,  and  in  the  vicinity  of  the  cardia  the  longitudinal 
fibres  from  the  oesophagus  could  be  seen  radiating  over  it,  a  very 
strong  band  passing  to  the  small  curvature ;  the  latter  was  dark 
and  fleshy  lookiug,  the  transverse  arrangement  of  its  surface  fibres 
being  very  obvious.  Contrary  to  what  is  usual,  the  walls  of  the 
cardiac  part  of  the  organ  were  thicker  than  those  of  the  pyloric. 

With  the  viscus  moderately  distended,  the  length  of  the  stric- 
tured  part  was  1^  inch,  the  maximum  contraction  being  in  the 
middle,  which  was  distant  4^  inches  from  the  cardiac  orifice  and 
5  J  from  the  pyloric,  measured  along  the  small  curvature.    Be- 
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tween  the  same  points,  along  the  great  carvature,  the  distances 
were  9|  and  13  inches  respectively.  The  contraction  appeared  to 
have  been  formed  chiefly  by  an  infolding  of  the  great  curvature. 
In  its  natural  position,  there  was  no  obvious  puckering  or  irregu- 
larity ;  but  a  smooth,  shiny,  even  surface.  To  its  upper  border, 
however,  the  tail  of  the  pancreas,  unduly  hard  and  enlarged  to  the 
size  of  a  walnut,  was  adherent.  The  external  circumference  of  its 
narrowest  part  was  2  inches,  that  of  the  pylorus  3  inches.  Similar 
measurements  round  the  largest  parts  of  the  cardiac  and  pyloric 
sacs,gave  9  inches  and  7^  inches  respectively.  About  an  inch  to  the 
cardiac  side  of  the  maximum  contraction,  in  the  small  curvature, 
a  slight  irregularity  and  well-marked  thickening  could  be  detected 
on  manipulation,  over  an  area  rather  larger  than  a  shilling;  iu 
the  corresponding  position,  on  its  pyloric  side,  a  similar  indurated 
area,  only  smaller,  was  also  made  out.  Otherwise  the  contracted 
part,  like  the  rest  of  the  organ,  presented  no  obvious  lesion.  As 
the  body  had  been  injected  I  dissected  the  various  gastric 
arteries.  It  was  thou  obvious  that  the  vascular  arches  along  the 
curvatures  were  interrupted,  each  division  of  the  organ  having  a 
separate  blood  supply,  whose  main  trunks  arose  iu  the  vicinity 
of  the  cardiac  and  pyloric  extremities;  and  as  their  terminal 
branches  approached  the  seat  of  contraction,  they  rapidly 
dwindled  away.  The  only  communication  between  the  two  sets 
of  vessels  was  by  a  few  exceedingly  minute  twigs  in  the  latter 
situation.  After  its  removal  from  the  body  the  stomach  was 
fully  inflated,  but  without  producing  the  least  alteration  iu  the 
contraction.  When  in  a  state  of  moderate  distension  the 
cardiac  pouch  held  2  pints  of  water,  the  pyloric  only  1  pint  It 
weighed  8  ounces ;  but  this  certainly  conveys  an  exaggerated 
idea  of  its  proper  weight,  for  when  put  on  the  scales  it  was 
sodden  with  water.  On  laying  the  organ  open,  its  mucous 
membrane  presented  throughout  a  perfectly  normal  appearance, 
with  the  exception  that  the  rugse  of  the  cardiac  pouch  were  unduly 
prominent  Both  orifices  were  normal.  The  contraction  was 
just  large  enough  to  admit  a  man's  thumb. 

A  callous-looking,  oval  ulcer,  about  half  an  inch  long,  was 
discovered  on  the  small  curvature,  at  a  distance  of  nearly  an 
inch  from  the  seat  of  maximum  contraction,  and  to  its  cardiac 
side.    The  tail  of    the   pancreas  had  been  adherent  opposite 
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this  spot.  At  a  corresponding  position,  on  the  pyloric  side  of 
the  contraction,  was  a  6nn  white  cicatrix,  as  large  as  a  pea,  the 
site  of  a  healed  ulcer.  There  was  no  puckering  or  irregularity 
of  the  mucous  membrane  in  either  of  those  situations.  Between 
them  was  a  stretch  of  perfectly  healthy  tissue  about  2  inches 
long,  which  included  the  whole  length  of  the  contracted  area. 
Contraction  had  not  taken  place  in  the  plane  of  either  lesion, 
but  in  the  intervening  portion.  These  appearances  seem  to 
me  to  afford  strong  evidence  that  the  lesions  described  were 
secondary  to,  and  caused  by,  the  contraction.  In  what  other 
way  can  we  account  for  their  occurrence,  in  the  positions  most 
exposed  to  irritation,  during  the  passage  of  food  under  such  cir- 
cumstances ;  and  not  in  the  plane  oF  any  contraction,  as  would 
have  been  the  case  had  either  of  them  cavsed  such  a  condition  ? 

There  was  nothing  noteworthy  about  the  condition  of  the 
other  organs. 

Cccse  II. — For  this  specimen  I  am  indebted  to  Professor  Thane : 
he  removed  it  from  the  body  of  an  elderly  male,  in  the 
University  College  dissecting  room. 

The  stomach  in  question  (fig.  2)  was  a  rather  small,  thick 
and  muscular  one,  weighing  5|  oz. 

It  presented  a  well-marked  contraction,  formed  chiefly  at  the 
expense  of  the  great  curvature,  nearer  the  cardiac  than  the 
pyloric  orifice.  There  was  a  slight  infolding  of  the  small 
curvature  at  the  seat  of  constriction. 

The  cardiac  pouch  was  ill- developed,  and  much  smaller  than 
the  pyloric,  than  which  its  walls  were  also  thicker. 

The  usual  slight  contraction  existed,  limiting  the  small 
cul-de-saa 

No  puckering  or  irregularity  could  be  detected ;  in  short,  in 
other  respects  the  organ  appeared  normal 

When  moderately  distended,  the  circumference  of  the  largest 
part  of  the  cardiac  pouch  measured  8  inches ;  that  of  the  pyloric 
10 ;  the  circumference  at  the  seat  of  contraction  was  6  inches. 

Measured  along  the  small  curvature,  the  contraction  was  2^ 
inches  distant  from  the  cardiac  orifice,  3^  from  the  pyloric.  When 
very  fully  inflated  the  contraction  was  not  in  the  least  effaced. 

The  mucous  membrane  in  the  cardiac  pouch  presented  well- 
marked  rugae ;  there  were  none  in  the  pyloric  pouch,  except  near 
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the  pyloric  orifice.  The  latter  had  the  appearance,  not  of  a 
smooth,  circular,  patent  ring,  but  of  a  narrow  elongated  passage, 
lined  by  longitudinally  arranged  rugae,  somewhat  whorled,  con< 
tinned  from  the  stomach  into  the  duodenum  for  a  short  distance. 

No  induration,  scar,  ulcer,  or  any  other  lesion  could  be 
detected  in  any  part  of  the  organ. 

Case  III, — ^Mr.  Shattock  kindly  called  my  attention  to  this 
specimen.  No.  5513  in  the  University  College  Museum,  being 
the  stomach  of  a  woman  who  died  of  cirrhosis  of  the  liver. 

The  organ  (fig.  3),  which  was  small  and  elongated,  consisted 
of  a  cardiac  and  a  pyloric  division,  separated  by  a  well-marked 
contraction,  distant  2^  inches  from  the  cardiac,  and  6^  from  the 
pyloric  orifice,  measured  along  the  small  curvature.  The 
cardiac  division  was  saccular  in  shape ;  tlie  pyloric  intestiniform 
— the  latter  being  the  larger  and  thicker.  In  other  respects,  as 
viewed  from  the  outside,  the  stomach  appeared  normal.  There 
was  no  sign  of  any  adhesion  between  it  and  adjacent  structures. 

Internally,  the  mucous  membrane  in  both  divisions  presented 
very  prominent  longitudinal  rugse.  The  cardiac  and  pyloric 
orifices  were  normal. 

Situated  in  the  small  curvature,  about  an  inch  apart,  were  two 
small  scars,  one  on  either  side  of  the  constriction,  from  which 
each  was  equally  distant. 

Each  scar  was  the  size  of  a  threepenny  piece — smooth  and 
whitish.  The  intervening  tissues  were  perfectly  normal;  no 
puckering  or  irr^ularity  could  be  dectected.  The  organ  pre- 
sented no  other  lesions.  The  contraction  was  large  enough  just 
to  admit  the  thumb  and  index  finger. 

Case  IV, — No.  1795  in  Guy's  Hospital  Museum.  In  the 
catalogue  is  the  following  brief  description : — ''  Stomach  showing 
hour-glass  contraction  about  its  centre."  This  specimen  and  the 
succeeding  one  are  very  old ;  they  were,  I  believe,  presented  to 
the  museum  by  Sir  Astley  Cooper.  Dr.  Wilks  alludes  to  them 
in  his  work  on  pathological  anatomy.  Neither  specimen  had 
been  previously  laid  open  and  thoroughly  examined.  By  the 
kind  permission  of  Dr.  Fagge,  I  was  able  to  do  this  some  time 
ago,  and  in  the  presence  of  Dr.  Carrington,  who  has  since  ex- 
hibited them  at  the  Pathological  Society  of  London,  and  included 
them  in  his  paper  in  the  Transactions,  forgetting,  I  am  sur- 
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prised  to  find,  to  mention  tbis  circumstance — accidentally,  no 
doubt. 

Tbe  organ  I  am  about  to  describe  (fig.  4)  was  a  little  nnder 
the  usual  size ;  externally  it  presented  no  obvious  morbid  appear- 
ance, other  than  the  contraction,  which  was  smooth,  even-looking, 
and  about  an  inch  long.  Of  the  two  pouches,  the  cardiac  was 
the  larger.  The  walls  of  both  were  thin,  and  uniform  in  this 
respect  throughout. 

The  centre  of  the  contraction  was  distant  2^  inches  from  the 
cardiac  orifice,  and  4  inches  from  the  pyloric,  measured  along  the 
small  curvature. 

In  the  latter  part,  two  thin,  flat,  hard,  oval  plates,  feeling 
almost  calcareous,  were  detected,— one  or  either  side  of  the  con- 
traction, separated  by  an  intervening  portion  of  perfectly 
healthy  tissue,  rather  more  than  an  inch  in  length. 

The  interior  of  the  stomach  had  a  normal  appearance.  No 
trace  of  any  lesion  could  be  seen.  The  plates  in  the  small  curva- 
ture were  covered  by  healthy  mucous  membrane,  beneath  which 
they  were  situated.  They  were  the  result  probably  of  chronic  in- 
flammation, excited  by  the  undue  impact  to  the  food  in  these  situa- 
tions, owing  to  the  existing  deformity.  The  fact  that  they  occurred 
in  the  precise  localities  so  frequently  occupied  by  ulcers  in  such 
cases,  is  an  additional  reason  for  believing  that  the  latter  usually 
originate,  under  similar  circumstances,  in  this  manner. 

The  contraction  was  very  small,  barely  admitting  the  tip  of 
the  little  finger.    The  cardiac  and  pyloric  orifices  were  normal. 

Case  K — No.  1796  in  Guy's  Hospital  Museum.  In  the 
catalogue  it  is  described  as — "  Stomach  showing  hour-glass  con- 
traction about  its  centre;  peritoneal  surface  at  that  part 
thickened  and  white." 

The  organ  (fig.  5)  was  rather  above  the  normal  siise ;  and  the 
cardiac  division  was  larger  than  the  pyloric.  Its  walls  were 
thick,  but  there  was  no  appreciable  difference  between  the  two 
divisions  in  this  respect. 

The  contraction  was  of  tbe  annular  variety,  and  externally  it 
presented  a  smooth  and  regular  appearance. 

An  inch  to  its  left,  close  to  the  small  curvature,  was  a  small 
stump  of  fibrous  tissue,  as  if  an  adhesion  had  once  existed  here 
between  it  and  some  adjacent  structure.     At  this  spot  there  was 
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an  indurated  area  about  the  size  of  a  sixpence.  In  the  corre- 
sponding position,  on  the  pyloric  side  or  the  contraction,  a  similar 
indurated  patch  could  be  felt.  In  this  case,  as  in  the  previous 
ones,  no  lesion  could  be  detected  at  the  seat  of  maximnm  con- 
traction. The  distance  from  the  latter  to  the  cardiac  orifice  was 
4  inches,  to  the  pyloric  4^,  measured  in  each  case  along  the  small 
curvature.  On  examining  the  interior  of  the  organ  a  smooth, 
whitish  patch  was  discovered,  opposite  each  indurated  area — to 
which  the  mucous  membrane,  elsewhere  freely  movable  over  the 
subjacent  structures,  was  adherent ;  and  around  these  spots  were 
some  radiating  rugae,  suggesting  the  appearance  of  old  scars. 
No  trace  of  any  other  lesion.  The  stricture  in  this  case  only 
just  admitted  the  end  of  an  ordinary  lead  pencil.  The  cardiac 
and  pyloric  orifices  were  normal 

Case  VL — Dr.  Carrington  found  this  specimen  in  the  G  uy*s 
Hospital  dissecting-room.  He  exhibited  it  at  the  Pathological 
Society  last  winter.  I  am  indebted  to  him  for  allowing  me  to 
examine  it 

This  stomach  (fig.  6)  was  rather  small  and  thin-walled — the 
cardiac  pouch  being  rather  the  more  capacious. 

The  centre  of  the  contraction  was  distant  2^  inches  from  the 
cardiac  orifice,  and  4^  from  the  pyloric,  measured  along  the 
small  curvature. 

There  was  a  slight  patch  of  thickening  in  the  latter  position 
about  three  quarters  of  an  inch  to  the  cardiac  side  of  the  con- 
traction. 

On  examining  its  interior  no  de6nite  scar  could  be  detected 
at  this  spot ;  but  here  the  mucous  membrane  was  smooth  and 
not  so  freely  movable  on  the  subjacent  parts  as  elsewhere.  No 
other  abnormal  appearance,  either  externally  or  internally,  could 
be  made  out.  The  stricture  just  admitted  the  thumb.  Cardiac 
and  pyloric  orifices  normal 

Dr.  Carrington  has  suggested  that  some  of  the  thickenings  in 
the  last  cases  may  be  due  to  the  injected  gastric  arteries ;  but, 
independently  of  the  fact  that  in  at  least  two  of  the  specimens 
the  arteries  had  not  been  injected,  the  facts  do  not  warrant  such 
a  supposition,  for,  as  I  have  previously  mentioned,  in  these  cases 
of  congenital  contraction  the  arteries  in  this  position  are  either 
non-existent  or  dwindled  to  the  tiniest  twigs. 
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Case  r//.— No.  11-6B  of  the  Physiological  Series  of  St 
Bartholomew's  Hospital  Museum. 

An  inflated,  dried  stomach  (fig.  7),  of  small  size,  divided 
into  a  cardiac  and  pyloric  portion  by  a  well-marked  constriction, 
situated  at  a  point  3^  inches  from  the  cardiac  orifice,  and  5^ 
from  the  pyloric,  measured  along  the  small  curvature.  I  judged 
the  contraction  large  enough  to  admit  the  thumb  and  little  finger. 
The  pyloric  division  was  much  elongated,  and  as  it  approached 
the  valve  resembled  a  piece  of  small  intestine.  Its  walls  were 
of  about  normal  thickness.  On  each  side  of  the  contraction,  in 
the  small  curvature,  about  an  inch  apart,  was  a  small  darkish 
patch,  of  less  size  than  a  pea,  probably  the  seat  of  some  former 
lesion.  The  pyloric  valve  was  very  ill  developed — forming  a 
scarcely  perceptible  ring. 

In  the  specimen  next  preceding  this  in  the  Museum  (No. 
11*5)  I  I'egard  the  contraction  as  pathological. 

I  am  indebted  to  Mr.  Bowlby  for  kindly  allowing  me  to 
examine  these  specimens,  and  the  succeeding  one. 

Case  VIIL—A.  216  of  the  Teratological  Series  of  St  Bartho- 
lomew's Hospital  Museum.  This  is  the  case  recorded  by  Mr. 
Morrant  Baker  in  the  Transactions  of  the  Pathological  Society  of 
London,  vol.  xvii.  p.  105.  A  dry  stufled  specimen  (fig.  8)  the 
arteries  of  which  had  been  injected :  the  separate  arterial  supply 
of  each  sac,  and  the  other  peculiarities  I  have  mentioned,  were 
nearly  as  obvious  as  in  Case  I. 

In  the  catalogue  it  is  described  as — "  A  stomach,  a  narrow 
l>ortion  of  which,  nearly  midway  between  the  cardiac  and 
pyloric  orifices,  is  extremely  contracted,  so  as  to  divide  the 
organ  into  two  compartments,  which  communicate  only  by  a 
small  orifica  The  stomach  appears  otherwise  healthy.  From  a 
woman,  aged  63,  in  the  dissecting  room." 

The  organ  was  of  rather  large  size — ^the  pyloric  pouch  exceed- 
ing the  cardiac  in  this  respect  The  walls  were  of  about  normal 
thickness  throughout 

The  contraction  was  of  the  annular  variety,  and  presented  no 
thickening,  irregularity,  or  other  sign  of  disease.  It  was  distant 
4  inches  from  the  cardiac  extremity  and  7  inches  from  the 
pyloric,  measured  along  the  small  curvature.  The  index  finger 
could  just  pass  through  it 
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No  lesion  could  be  detected  in  any  part  of  the  organ. 

Case  IX. — A  wet  specimen,  No.  207  in  St.  George's  Hospital 
Museum,  and  presented  by  Dr.  Page. 

A  medium-sized  stomach  (fig.  9),  having  a  well-marked  con- 
traction, about  1  inch  long,  the  centre  of  which  was  distant  from 
the  cardiac  orifice  3  inches  and  from  the  pyloric  4^,  measured 
along  the  small  curvature.  The  pyloric  division  was  considerably 
larger  than  the  cardiac  In  the  neighbourhood  of  the  contracted 
part  the  fibrous  membrane  was  slightly  opaque  and  thickened. 
Externally  there  was  no  other  obvious  lesion. 

Each  division  had  been  opened,  so  that  a  good  view  of  the 
interior  could  be  obtained.  On  the  cardiac  side  of  the  contrac- 
tion, near  the  small  curvature,  at  a  distance  of  I  inch  an(}  1^  inch 
respectively  from  it,  were  two  small  superficial  erosions.  Other- 
wise the  interior  of  the  organ  presented  a  perfectly  normal  appear- 
ance. There  was  no  lesion  in  the  pyloric  pouch.  The  stricture 
admitted  the  little  finger,  and  was  itself  quite  free  from  disease. 

In  the  catalogue  it  stated  that — ''  when  recent  the  membrane 
was  very  vascular  and  in  places  blood  was  extravasated  beneath  it. 
The  other  organs  were  healthy.  The  specimen  was  removed 
from  the  body  of  a  woman  who  for  many  years  had  suffered 
from  nausea,  vomiting  after  taking  food,  cough  in  winter,  and 
dyspncea.  Two  or  three  days  before  death  she  complained  of 
tenderness  at  the  epigastrium  on  pressure ;  and  for  forty-five 
hours  previously  she  was  delirious." 

Case  X — ^There  is  a  wax  model  of  this  specimen,  by  Professor 
Cbaussier,  in  the  Musee  Dupuytren  at  Paris.  The  stomach,  a 
rather  large  one,  presented  a  marked  contraction  in  thegreat  curva 
ture,  at  the  junction  of  the  great  cul-de-sac  with  the  body  of  the 
organ.  On  its  outer  surface,  at  the  top  of  the  great  cul-de-sac, 
was  a  small  abrasion,  where  it  had  once  probably  been  adherent 
to  the  under  surface  of  the  diaphragm.  There  was  no  other  lesion. 

I  believe  this  list  includes  all  the  specimens  of  the  kind 
contained  in  the  Metropolitan  Museums.^ 

^  Since  this  was  written  I  have  discovered  another  specimen  in  the  Musenm  of 
the  London  Hospital  This  specimen  is  particularly  interesting,  as,  in  addition 
to  the  well-marked  hour-glass  contraction,  the  stomach  also  presents  contractions 
separating  the  great  and  small  cuX-de-sacs  from  the  rest  of  the  organ. 

Dr.  Charlowood  Turner,  who  has  examined  the  specimen,  has  kindly  informed 
txko  that  it  presents  no  trace  of  any  tdcer,  scar,  or  other  lesion. 
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Remarks  on  Congenital  Contraction  of  the  Stomach. 

I'he  old  anafcomists  were  aware  of  the  occasional  occurrence  of 
contractions  at  about  the  middle  of  the  stomach,  and  they 
attributed  them  for  the  most  part  to  pathological  causea 

Judging,  however,  from  the  confused  and  mixed- up  descriptions 
of  this  peculiar  deformity  which  appeared  at  that  time,  their 
knowledge  of  the  subject  was  very  vague  and  indefinite.  The 
first  well-recorded  cases  with  which  I  am  acquainted  are  to  be 
found  in  Morgagni's  stupendous  work,  De  Sedibua  et  Causis 
Morhorum  per  A^uUomen  Indagatis :  ^  reference  i&"  there  made  to 
cases  previously  described  by  Blasius,  Valsalva,  Kiolanus,  and 
other  authors  of  that  period. 

Monro  *  notices  Morgagni's  cases,  and  gives  the  chapter  and 
verse  of  others  by  Lorry,  Walter,  Ludwig,  Hufeland,  and  Van 
der  Kolk. 

Sir  R  Home's  ^  observations,  on  the  shape  and  structure  of  the 
stomach  in  various  animals  and  in  man,  threw  additional  light 
on  the  subject ;  but  he  failed  to  recognise  the  congenital  nature 
of  many  of  these  contractions. 

This  was  reserved  for  Professor  Struthers,*  who  in  a  very 
interesting  paper  has  recorded  two  cases  of  this  natura  I  am 
indebted  to  him  for  many  valuable  suggestions.  These  cases, 
together  with  those  I  have  described,  are  the  only  ones  of  the 
kind  of  which  I  have  been  able  to  find  anything  like  a  complete 
record.  Having  visited  the  various  metropolitan  museums,  I 
have  discovered  in  them  only  six  such  specimens :  the  Hunterian 
Museum  not  containing  a  single  example.  Hence  we  may  con- 
clude that  the  affection  is  one  of  exceeding  rarity ;  for  it  is 
hardly  probable  that  a  striking  deformity  of  this  kind,  in  such 
an  organ  as  the  stomach,  would  escape  unnoticed,  even  at  the 
most  casual  post-mortem  examination. 

It  is  remarkable,  however,  that  hitherto  most  of  these 
specimens  have  come  from  the  dissecting  room.  On  studying 
their  history,  we  are  struck  with  the  frequency  with  which  the 
contracted  stomach  is  the  seat  of  lesion, — either  ulcer  or  cicatrix. 
It  was  this  no  doubt  that  misled  the  older  authors.     May  be 

*  VideEng,  Trans.  ^  Letter  xvi.  art.  88;  xxvi.  art.  31;  xxx.  art  7;  xxxvi.  art  3. 

*  Lectures  on  Uuman  Anatomjf,  by  Alex.  Mouro,  jun.,  1813,  vol.  ii.  p.  111. 
3  Led.  on  Comp.  Anat,,  also  PhiL  Tr%ns.  Roy,  Soc  Lond,,  1807  and  1817. 

*  Anat,  and  Physiol.  Ohs.^  art.  on  **  Double  Stomach." 
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there  are  some  who  still  think  as  they  did,  that  in  such  cases 
these  contractions  have  a  pathological  origin. 

A  careful  examination  of  the  subject  will,  I  think,  lead  to  a 
different  conclusion.  It  would  be  contrary  to  my  own  experience, 
and  to  that  of  the  best  observers,  to  deny  the  existence  of 
stomach  contractions  due  to  ulceration  and  its  results.  The 
museum  of  St.  Thomas's  Hospital  is  particularly  rich  in  specimens 
illustrative  of  this  fact  The  question  is  how  to  distinguish 
one  kind  of  contraction  from  the  other.  I  believe  this  may 
be  readily  done  by  paying  attention  to  the  following  facts : — 
The  congenital  contractions,  however  long  and  narrow  they  may 
be,  and  they  are  generally  longer  and  narrower  than  those  of 
the  other  form,  present  both  externally  and  internally  a  perfectly 
smooth  and  normal  appearance ;  whereas  the  pathological  ones 
are  irregular  and  puckered,  with  thickened  cord-like  rugosities 
radiating  from  the  seat  of  disease. 

Again,  the  situation  in  which  these  contractions  are  so 
uniformly,  found,  viz.,  nearer  the  cardiac  than  the  pyloric 
extremity,  is  not  that  generally  affected  by  gastric  ulcers,  which, 
as  Uokitansky  ^  has  remarked,  are  usually  seated  in  the  middle 
zone  of  the  pyloric  half  of  the  stomcu^h.  It  should  be  remem- 
bered also,  that  although  ulceration  occasionally  leads  to  con- 
traction, such  an  occurrence  is  quite  exceptional. 

When,  however,  this  result  does  ensue,  the  contraction  is  always 
situated  in  the  plane  of  the  lesion.  In  this  respect  then,  such 
contractions  differ  markedly  from  those  of  a  congenital  nature 
associated  with  ulceration ;  for  in  the  latter  no  contraction  is  to 
be  found  in  the  plane  of  the  lesion,  and  no  lesion  in  the  plane  of 
the  contraction. 

Thus,  in  every  one  of  my  cases  I  found  the  whole  length  of 
the  contracted  area  perfectly  free  from  any  sign  of  disease. 
Such  lesions  as  existed  were  situated  in  the  neighbourhood  of 
the  small  curvature,  either  on  the  cardiac  or  pyloric  side  of  the 
contraction,  not  unfrequently  in  both  places ;  in  the  latter  cir- 
cumstance the  intervening  contracted  portion,  an  inch  or  an 
inch  and  a  half  in  length,  was  perfectly  healthy  in  every  case. 

I  submit  that  these  appearances  only  admit  of  one  explana- 

*  Manual  of  Pathological  Anaiomy^  Syd.  Soc.  Transl.,  vol.  ii.  \>\\.  23 
and  21. 
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tion,  namely,  that  the  lesions  were  really  caused  by,  and  were 
secondary  to,  the  contractions. 

Against  their  congenital  origin,  it  may  be  urged  that  no 
examples  of  this  deformity  have  as  yet  been  discovered  in  young 
children,  at  least  I  am  not  aware  of  any ;  nor  is  this  surprising, 
considering  the  rarity  of  the  affection  and  the  infrequency  of 
post-mortem  examinations  at  that  age.  Morgagni^  has,  however, 
recorded  a  remarkable  case  in  which  symptoms  of  this  affection 
appeared  at  birth,  and  were  hereditary  in  three  successive 
generations.  Hence  I  think  too  much  importance  should  not  be 
attached  to  such  a  purely  negative  objection. 

The  greater  relative  frequency  of  these  contractions  in  women, 
and  their  apparent  absence  in  infants,  led  Soemmering  to 
attribute  them  to  pressure  of  the  stays.  But  if  this  were  the 
case  they  would  be  of  common  occurrence  in  that  sex,  which  is 
not  the  case ;  besides,  they  are  met  with  also  in  men. 

Other  lesions  besides  those  resulting  from  ulceration  may,  no 
doubt,  in  very  exceptional  circumstances,  give  rise  to  hour-glass 
contraction  of  the  stomach.  No.  11*5  of  the  Physiological  Series 
of  the  Museum  of  St  Bartholomew's  Hospital  is  a  case  in  point 
It  is  classed  with  a  specimen  of  congenital  contraction,  which  it 
much  resembles,  and  is  described  in  the  catalogue  as  an  example 
of  the  form  which  the  stomach  assumes  during  the  later  period  of 
digestion.  Mr.  Bowlby,  the  curator,  kindly  allowed  me  to  make 
a  thorough  examination  of  it  At  the  middle  of  the  organ  was 
a  smooth-looking  contraction,  2^  inches  long,  and  about  the  size 
of  a  man's  thumb.  The  contracted  part  felt  perfectly  solid ; 
at  this  place  its  walls  were  greatly  bypertrophied.  Internally 
no  lesion  could  be  detected;  but  the  mucous  membrane  at 
the  contracted  part  presented  numerous  longitudinal  lamelli- 
form  rugse  closely  pressed  together.  Microscopical  examina- 
tion of  a  section  of  the  thickened  wall  revealed  what  I  believe 
to  be  an  early  stage  of  cancerous  infiltration,  but  in  this 
particular  Mr.  Bowlby  does  not  agree  with  me. 

Having  thus  established  the  congenital  nature  of  these  con- 
tractions, it  may  be  interesting  to  inquire  whether  they  have 
any  counterpart  in  the  normal  condition  of  the  stomach. 

Anatomists    have   generally   overlooked  the    occurrence  of 

^  op.  cU.,  Exp.  XXX.  art.  7. 


Digitized  by 


Google 


CONGENITAL  CONTB ACTION   OF  TUE   STOMACH.  471 

slight  contractions  at  certain  definite  situations  in  the  normal 
stomach,  although  these  may  be  frequently  seen. 

Home^  regarded  the  human  stomach,  like  that  of  many 
animals,  as  naturally  the  seat  of  such  a  contraction  at  about  its 
middle ;  though  he  faUed  to  detect  any  increased  development 
of  the  muscular  fibres  at  this  spot. 

Most  anatomists  admit  a  slight  contraction  a  little  to  the 
left  of  the  pylorus,  and  one  has  occc^ionally  been  observed 
separating  the  great  cul-de-sac  from  the  body  of  the  stomacL 

On  this  subject  Cruveilhier*  remarks: — "At  about  an  inch 
from  the  pylorus  the  stomach  is  markedly  flexed  on  itself, 
forming  a  very  pronounced  bend,  covde  de  Cestomac,  and 
presenting  a  pouch  on  the  side  of  the  great  curvature,  with  a 
corresponding  internal  excavation,  described  by  Willis  as  the 
antrum  pylori,  and  by  others  as  the  small  cul-de-sac  or  small 
tuberosity  of  the  stomach.  It  is  not  rare  to  see  a  second  pouch 
beside  the  first,  and  a  third  smaller  one,  on  the  side  of  the  small 
curvature,  owing  to  the  bend  which  the  stomach  takes.  These 
pouches,  hardly  preceptible  in  many  subjects  before  insufQation, 
are  rendered  very  distinct,  and  even  in  some  cases  very  con- 
siderable, by  distension." 

Henle,  in  his  treatise  on  Anatomy,  says: — "  The  antrum  pylori 
is  separated  from  the  rest  of  the  stomach  by  a  contraction  near 
the  pylorus,  more  marked  on  the  upper  than  on  the  under 
surface.  A  second  contraction  is  rarely  found  at  the  middle  of 
the  stomach,  which  divides  it  into  a  right  and  left  half." 

Such  are  the  opinions  of  these  authors,  from  which,  together 
with  my  own  observations,  I  conclude  that  the  human  stomach 
is  naturally  divided  by  three  contractions  into  four  compart- 
ments, viz.,  one  at  each  extremity,  the  small  cul-de-sac  and  the 
great  cul-de-sac;  and  an  intermediate  portion,  subdivided  by 
a  contraction  at  about  its  middle,  into  a  cardiac  and  pyloric 
portion,  this  last  contraction  being,  as  a  rule,  less  obvious  than 
the  others. 

Careful  examination  of  a  considerable  number  of  congenitally 
contracted  stomachs  has  revealed  the  interesting  fact,  that  these 
contractions  do  not  occur  just  anywhere,  but  only  in  certain 

»  Phil,  Trans,  Boy.  Soc,  Land,,  1807,  p.  170. 
*  Anatomic  Descriptive^  tome  ii.,  ed.  1834,  p.  463. 
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detioite  situatious,  which  are  identical  with  those  occupied  by 
the  normal  contractions. 

As  my  cases  testify,  the  commonest  seat  of  such  abnormal 
contractions  is  at  about  Ihe  middle  of  the  organ.  In  two  of 
Morgagni's  ^  four  cases  the  contraction  was  in  this  situation :  in 
the  other  two  it  occupied  such  a  position  as  to  separate  the 
antrum  pylori  from  the  rest  of  the  stomach. 

Bokitansky^  remarks: — "Among  the  abnormalities  of  the 
human  stomach,  we  reckon  first  all  those  rare  congenital 
malformations,  in  which  an  annular  contraction  divides  the  organ 
into  a  cardiac  and  pyloric  portion,  or  in  which  two  or  three  such 
contractions  form  three  or  four  sacculated  divisions,  and  thus  cause 
in  these  a  resemblance  to  the  stomach  of  ruminants.  We  distin- 
guish from  the  contractions  produced  during  the  agony  of  death,  by 
the  fact  that  the  latter  may  be  removed  by  inflating  the  stomaclL" 

Brinton  ^  says :— -j'  These  transverse  subdivisions  of  the  tube 
may  possibly  imply  a  mere  arrest  of  development  in  the 
site  of  imperfect  septa." 

In  Luton's*  opinion  this  anomaly  resembles  the  multiple 
stomachs  of  ruminants,  especially  of  the  cetaceous  herbivora. 
With  these  ideas  he  cites  the  example  recorded  by  Billard  of  a 
stomach  whose  mucous  membrane  resembled  in  appearance 
that  of  the  reticulum  of  a  ruminant,  and  bristled  with  long 
viilosities. 

In  one  of  my  cases  the  contraction  was  so  situated  as  to 
divide  the  great  cul-de-sac  from  the  rest  of  the  stomach. 

CruveQhier,*  Handfield  Jones,*  Leube,^  and  other  authors 
allude  to  these  contractions  in  similar  terms. 

It  is  interesting  to  notice  the  occurrence  of  various  temporary 
contractions  in  precisely  the  same  localities  as  these  congenital 
ones ;  and,  like  them,  commonest  at  about  the  middle  of  the 
organ.     Home  ^  thought  the  human  stomach  naturally  presented 

^  Op.  cU.  •  Op.  eiL,  voL  ii.  p.  80. 

*  Todd's  Enq/clopcedia  of  Anat.  and  Physiol.,  art.   **  Stomach,"  Ac,  in  the 
Supplement. 

*  Nouveau  did.  cU  med.  ct  de  Chir.  prat.,  art.  **  Estomac." 
^  Op.eit,,  tome  ii.  ed.  1834,  pp.  457-8. 

"  McmuUofPath.  Anat.,  p.  494. 

7  Ziomsscn's  Encyclopccdia,  art.  **  Stomach." 

*  Lcct.  on,  Comp.  AnoLt  vol.  ii.  fig.  xii.  and  context  ;  albo  rhil.  Trans.  Ko^. 
Sac.  Lond.,  1807,  pp.  167,  170  and  171,  1807-1817,  p.  360. 
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a  temporary  contraction  of  this  kind  during  the  process  of 
digestion;!  he  pointed  out  that  the  bilocular  form  of  stomach 
is  not  unfrequently  met  with  in  bodies  examined  immediately 
after  death,  and  in  such  as  have  met  with  sudden  death  daring 
the  process  of  digestion. 

Dr.  Struthers  *  fixed  the  usual  locality  of  this  contraction  at 
4  or  5  inches  to  the  left  of  the  pylorus. 

A  remarkable  case  of  temporary  contraction  was  recorded 
some  years  ago  by  M.  Broca :  ^  the  specimen  was  obtained  from 
the  body  of  a  female  criminal  who  had  been  executed.  The 
great  cul-de-sac  presented  a  spherical  dilatation,  succeeded  by  a 
contraction.  Setting  out  from  this  point  the  stomach  was 
uniformly  narrowed,  but  another  contraction  occurred  before  the 
pylorus  was  reached,  so  that  the  organ  resembled  somewhat  a 
portion  of  large  intestine.  Here  there  was  an  appearance  of 
three  stomachs.  "This  specimen,"  said  M.  Broca,  "is  also  of 
interest,  because  it  has  much  analogy  to  another  which  I  met 
with  in  a  male  criminal  who  was  executed,  and  of  which  I  am 
now  able  to  show  you  the  drawing.  With  regard  to  contraction 
of  the  stomach,  internal  to  the  great  cul-de-sac,  we  can  easily 
conceive  how  it  might  be  produced.  The  longitudinal  fibres  of 
the  stomach,  prolonged  below  the  great  cul-de-sac,  form  a  loop, 
which,  in  contracting,  would  produce  such  a  result."  The 
literature  of  the  subject  reveals  several  other  cases  of  a  similar 
description.  In  accordance  with  the  above  facts,  I  think  we 
may  regard  the  occurrence  of  temporary  and  permanent  contrac- 
tions, dividing  the  stomach  into  two,  three,  or  four  portions,  as 
due  to  exaggeration  of  the  slight  contractions  normally  existing 
in  these  situations. 

Whether  the  human  gastric  mucous  membrane  presents 
structural  diflferences,  corresponding  to  these  subdivisions,  is  at 
present  an  open  question. 

That  of  the  dog  and  some  other  animals  has  been  found  to 
possess  in  the  cardiac  region  only  peptic  glands,  and  in  the 
pyloric  only  mucous  ones.  In  these  animals  Ebstein  has 
described  a  so-called  intermediary  zone,  in  which  the  two  kinds 
of  glands  are  not  only  mixed,  but  present  also  important 
structural  modifications.     Heidenhain   has  shown,  by  isolating 

^Op.cU.  ^  Bulletin  de  la  Soc.  Anai.^  t.  xxvi.,  1851,  p.  80. 
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various  segments  of  the  organ,  that  the  fluid  secreted  by  one 
part  differs  from  that  secreted  by  another. 

With  regard  to  the  human  stomach,  however,  most  observers 
have  not  ventured  beyond  the  vague  foreshadowing  of  somewhat 
similar  distinctions. 

Cruveilhier,  *  however,  with  his  usual  perspicacity,  has  pointed 
out  several  differences  obvious  to  the  naked  eye.  Thus  he  says: — 
''  There  is  one  fact  to  which  too  much  importance  cannot  be 
attached,  and  that  is  the  difference  in  the  appearance  of  the 
mucous  membrane  of  the  great  tuberosity  of  the  stomach,  and 
of  the  part  situated  to  the  right  of  the  oesophagus.  Sometimes 
the  line  of  demarcation  forms  a  perfect  circle ;  and  this  is  very 
remarkable,  because  in  man,  who  has  a  single  stomach,  it  may 
be  regarded  as  a  rudiment  of  the  division  into  the  compound 
stomachs  found  in  the  lower  animals :  for  a  multiple  stomach 
results  rather  from  some  difference  in  the  structure  of  the 
mucous  membrane  than  from  the  existence  of  different  compart- 
ments or  distinct  cavities." 

In  another  place  *  he  describes  the  raucous  membrane  of  the 
pyloric  region,  as  differing  from  that  of  the  cardiac,  in  presenting 
frequently  a  granular  aspect,  similar  to  that  seen  in  the  stomach 
of  the  pig. 

Disease,  he  says '  often  respects  the  line  of  demarcation  exist- 
ing between  these  two  portions.  In  confirmation  of  this  state- 
ment Dr.  Philip  ^  has  recorded  the  case  of  a  woman  who  ate  and 
digested  her  food  perfectly  to  the  last ;  but  whose  stomach  was 
found,  after  death,  to  be  ulcerated  everywhere,  except  at  the 
cardiac  end. 

Taken  in  conjunction  with  the  remarkable  proneness  of  the 
cardiac  pouch  to  post-mortem  digestion,  as  described  by  John 
Hunter,  the  above  fact  tends  to  confirm  Home's  opinion  that 
this  region  is  the  exclusive  seat  of  the  peptic  glands. 

The  mucous  membrane  here  is  thinner,  softer,  and  more 
vascular  than  in  other  parts  of  the  stomach,  and  it  is  more 
firmly  adherent  to  the  subjacent  structures,  so  that  it  can  only 

^  Op.  cU.f  t.  ii.,  pp.  478-4-8 ;  vide  also  hia  remarks  with  regard  to  bilocalar 
stomachs,  iWrf.,  pp.  467-8. 

*  Op,  cU,,  t.  ii.  p.  478. 
'  Op,  ciLtt  ii.  p.  476. 

*  An  Experimental  Enquiry  into  the  Laws  of  Vital  FunetionSf  ed.  1817. 
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be  separated  with  difl&culty,  and  it  generally  comes  ofif  in  shreds  ; 
whereas  that  lining  the  rest  of  the  organ  is  loosely  attached,  and 
can  easily  be  separated  entire. 

The  development  attained  by  this  part  of  the  stomach  is 
subject  to  many  variations. 

Cruveilhier  says :  ^ — "  It  is  almost  entirely  absent  in  the 
carnivora,  very  large  in  the  herbivora,  and  of  medium  size  in 
man.  Its  size  varies  much  in  different  individuals.  I  have 
seen  human  stomachs  in  which  the  great  cul-de-sac  did  not 
exceed  in  size  that  of  the  carnivora." 

Meckel  relates  having  seen  this  part  of  the  organ  absent,  and 
replaced,  as  it  were,  by  an  exaggerated  development  of  the  small 
cul-de-sac. 

Todd  and  Bowman  remark :  ^ — "  We  have  suspected  that  the 
digestive  power  of  the  two  parts  must  differ,  that  the  ofiBce  of  the 
pyloric  tube  resembles  that  of  the  stomach  cells  generally  and  is 
different  from  that  of  the  true  stomach  tube,  that  perhaps  the 
acid  product  of  the  stomach  may  be  furnished  by  one  rather 
than  the  other.  We  confess,  however,  that  we  have  been  unable, 
on  the  one  hand,  to  obtain  stomachs  sufficiently  fresh  and  healthy 
to  test  the  fact  of  the  anatomical  distinctness  of  the  two  regions 
in  man,  or,  on  the  other,  to  ascertain  the  value  of  the  conjectures 
just  alluded  to,  as  applied  to  animals  in  which  the  twofold 
structure  is  certain." 

No  one  has  expressed  this  view  more  forcibly  and  with  greater 
clearness  than  Dr.  Draper.^  He  says,  after  reviewing  the  structure 
of  the  stomach  in  different  animals  : — "  So  far  from  there  being 
anything  in  contradiction  to  the  doctrine  that  different  portions 
of  the  digestive  surface  of  the  mucous  membrane  of  the  stomach 
are  devoted  to  different  duties,  there  is  strong  evidence  in 
support  of  its  truth,  derived  partly  from  the  instances  furnished 
by  comparative  anatomy,  and  partly  from  the  anatomical  struc- 
ture of  the  gastric  mucous  membrane.  The  four  separate 
digesting  chambers  of  the  herbivora  are  merely  an  elaboration 
of  the  structure  which  is  presented  by  the  apparently  homogenous 
mucous  surface  in  man.  But  that  this  mucous  surface  is  in 
reality  heterogenous,  and  in  different  regions  possesses  different 

1  Op.  eU.,  t  ii.  p.  462. 

*  rhysiological  Anatmny^  ed.  1866,  vol.  ii.  p.  195. 

3  Physiology,  2nd  ed.  1861,  pp.  60-61. 
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powers,  is  shown  by  the  fact  that  at  one  part  it  presents  mucous 
follicles,  at  another  peptic  follicles,  at  another  follicles  for 
secretion  of  hydrochloric  acid.  As  we  approach  towards  the 
pylorus,  the  existence  of  a  new  function  is  betrayed  by  the 
appearance  of  a  new  mechanism — the  villi — which  have  been  so 
well  studied  by  Dr.  Neill ;  and  this  is  even  indicated  externally, 
as  shown  in  the  accompanying  diagram,  where  the  lesser 
tuberosity  of  the  stomach  is  separated  from  the  rest  of  the 
organ  by  a  well-marked  constriction,  showing,  according  to 
Professor  Betzius,  that  the  antrum  pylori  of  the  older  anatmnists 
is  really  a  special  compartment  of  the  general  cavity.  This 
part  of  the  stomach  is  distinguished  by  the  greater  thickness  of 
its  muscular  coat,  the  more  copious  glandular  development,  and 
the  presence  of  the  well-known  plic«  fimbriatse. 

The  commencement  of  the  duodenum  also  forms  a  special 
rounded  cavity,  which  Professor  Eetzius  proposes  to  name 
antrum  duodeni,  characterised  internally  by  the  absence  of 
valvulse  conniventes  and  the  dense  array  of  Brunner's  glands 
beneath  its  mucous  membrane.  This  part  constitutes  what  has 
been  called  the  fourth  stomach  of  the  porpoise  and  of  some  other 
cetaceans."^ 

As  to  whether  any  such  structural  differences  existed  in  my 
specimens  of  contracted  stomach  I  am  unable  to  state,  since  they 
were  too  old  for  such  particulars  to  be  satisfactorily  ascertaineil 
either  with  the  naked  eye  or  the  microscope.  From  such 
examinations  as  circumstances  permitted  nothing  of  the  kind 
was  observed. 

Notwithstanding  what  has  been  said  of  the  analogy  of  the 
human  type  of  stomach  to  that  of  ruminants,  rodents,  and  other 
herbivora,  there  is  one  important  difference  between  them,  to 
which  sufficient  attention  has  not  been  paid. 

I  allude  to  the  direct  passage  of  the  food  in  the  former,  from 
the  gullet,  into  the  true  digestive,  glandular,  or  cardiac  division 
of  the  stomach,  and  its  subsequent  escape  into  the  mucous, 
muscular,  or  pyloric  division :  an  arrangement  just  the  converse 

^  In  this  connection  such  cases  as  that  recorded  by  Dr.  Goodhart  a  few  years  ago 
in  the  Transactions  of  the  Pathological  Sociciy,  in  which  the  upper  part  of  the 
diioilenum  was  almost  completely  separated  from  the  rest  by  a  congenital  con- 
traction, are  of  interest.  I  have  since  seen  a  foetus  in  which  these  parts  or  the 
dnodennm  were  completely  sppnratcil— each  eutiing  in  a  cul-de-sac. 
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of  that  observed  in  the  latter.  In  this  particular,  the  human 
type  of  stomach  appears  to  resemble  somewhat  that  of  birds 
rather  than  ruminants;  unless  indeed  the  crop  of  birds  is  regarded 
as  analogous,  not  to  the  cardiac  portion  of  the  human  organ,  but 
to  the  oesophageal  dilatations  which  form  the  chief  part  of  the 
ruminant  stomach — a  view  which,  I  believe,  is  not  generally  en- 
tertained, though  it  seems  to  me  not  altogether  improbable. 

Lastly,  it  remains  to  inquire  what  relation,  if  any,  these  contrac- 
tions b^r  to  the  alterations  in  shape  which  the  stomach  undergoes 
daring  the  process  of  natural  digestion.  In  the  bodies  of  human 
beings  and  of  various  animals,  examined  very  soon  after  death, 
especially  after  sudden  death  during  the  process  of  digestion,  as 
previously  mentioned.  Home  frequently  found  hour-glass  con- 
tractions of  the  stomach ;  but  he  was  unable  to  detect,  in  the 
human  stomach,  any  increased  development  of  the  muscular 
fibres  in  this  situation,  similar  to  what  he  had  observed  in  dogs, 
&C.  He  concluded  that  this  contraction  resulted  from  the 
natural  action  of  the  organ  during  digestion,  and  that  it  served 
to  maintain  the  more  solid  and  undigested  portions  of  food  in 
the  cardiac  pouch,  allowing  only  the  more  fluid  and  digested 
portions  to  escape  into  the  pyloric  division,  thence  to  be  propelled 
into  the  duodenum. 

The  existence  of  this  contraction  has  been  denied  by  some 
authors.  Mtiller^  says:— "The  central  constriction, of  which  the 
stomach  was  by  Sir  R  Home  imagined  to  be  the  seat  duriug 
digestion,  has  never  been  really  observed.  Neither  Tiedemann  nor 
I  have  seen  anything  of  the  kind  in  dogs."  The  concurrent 
testimony  of  subsequent  observers  is,  however,  against  the 
accuracy  of  this  statement  Brinton*  is  very  explicit  on  this 
point  In  his  complete  and  graphic  account  of  the  movements 
of  the  stomach  during  digestion,  as  he  observed  them  in  the  dog, 
he  distinctly  states  that  he  witnessed  this  hour-glass  contraction. 
Like  Home,  he  failed  to  detect  in  the  human  stomach  any 
increased  development  of  the  muscular  fibres  at  this  spot 
Eeferring  to  the  so-called  transverse  band  described  by 
Spallanzani  and  Haller,  he  says: — "  Anatomy  fails  to  recognise  a 

*  Fide  his  Physiology,  English  trans.,  vol.  i.  p.  504. 

«  Lectures  in  MwL  Cfazette,  1849,  Lect.  on  **  Diseases  of  Stomach,"  ed.  1864, 
pp.  10-12  ;  also  article  "  Stomach,"  &c.,  Todds  Encyclopaedia  of  Anat.  and 
Physiol. ,  in  the  Supplement 
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distinct  band  or  even  any  exaggeration  of  the  ordinary  circnlar 
fibres  sufficient  to  merit  separate  description." 

Beaumont's  ^  observations  on  the  celebrated  Alexis  St  Martin, 
clearly  prove  the  existence  during  digestion  of  such  a  contraction 
in  the  human  stomach.  He  says : — ''  In  attempting  to  pass  a  long 
glass  thermometer  tube  through  the  aperture  into  the  pyloric 
portion  of  the  stomach,  during  the  later  stages  of  digestion,  a 
forcible  contraction  is  first  experienced  at  this  point  (le.,  3  or  4 
inches  from  the  smaller  end),  and  the  bulb  is  stopped.  In  a  short 
time  there  is  a  gentle  relaxation,  when  the  bulb  passes  without 
difficulty,  and  appears  to  be  drawn,  quite  forcibly,  for  3  or  4 
inches,  towards  the  pyloric  end.  This  ceases  as  soon  aa  the 
relaxation  occurs,  and  the  tube  rises  again  of  its  own  accord  3  or 
4  inches,  when  the  bulb  seems  to  be  obstructed  from  rising 
further ;  but  if  pulled  up  an  inch  or  two,  it  moves  freely  in  all 
directions  in  the  cardiac  portion." 

All  observers  agree  in  describing  the  movements  of  the  stomach 
during  digestion  as  very  different  in  its  cardiac  and  pyloric 
portions;  and  this  difference  coincides  with  the  varied  distribu- 
tion of  the  muscular  fibres.  Thus  in  the  cardiac  division,  where 
they  are  only  slightly  developed,  the  movements  are  scarcely 
perceptible,  whilst  in  the  pyloric  division,  where  they  are  very 
abundant,  forcible  movements  occur. 

It  is  evident  therefore  that  during  digestion  the  human  stomach 
is  the  seat  of  a  contraction  at  about  its  middle,  which  corresponds 
in  position  with  the  temporary  and  permanent  hour-glass  contrac- 
tions of  the  organ  to  which  wo  have  previously  alluded. 

Whether  similar  contractions  occur  in  other  situations,  dur- 
ing the  natural  action  of  the  organ,  corresponding  to  those 
occasionally  met  with  after  death,  is  at  present  uncertain.  I  have 
found  no  mention  made  of  such  contractions  by  those  who  have 
investigated  the  subject ;  but  from  the  curious  forms  of  temporary 
contraction  with  which  wo  are  familiar,  I  am  disposed  to  r^rd 
their  occurrence  as  extremely  probable. 

EXPLANATION  OF  PLATE  XVIL 
Fig.  1.  Xf  seat  of  ulcer ;  seat  of  eroeion. 
Figs.  3,  5,  6,  7.  The  dots  are  seats  of  scars. 
Fig.  4.  The  rows  of  dots  are  seats  of  hard  plate. 
Fig.  XX,  small  erosions. 

*  Experiments  and  Observations  on  the  OastHc  Juice,  ed.  1838,  pp.  101-106. 
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A  NEW  RULE  OF  EPIPHYSES  OF  LONG  BONES.     By 
J.  B.  Sutton,  Demonstrator  of  Anatomy,  Middlesex  Hospital. 

In  studying  human  osteology,  few  points  strike  one  more  forcibly 
than  the  apparently  disorderly  manner  in  which  the  centres  for 
the  epiphyses  of  long  bones  appear.  Two  are  visible  at  birth- 
one  for  the  condyles  of  the  femur,  the  other  for  the  upper 
extremity  of  the  tibia.  The  remaining  centres  appear  at  various 
intervals  up  to  the  fourteenth  year,  at  which  date  the  lesser 
trochanter  usually  commences  to  ossify. 

Although  anatomical  history  shows  the  subject  of  epiphyses 
to  have  been  studied  from  very  early  times — Galen  even  marked 
the  distinction  between  "  epiphyses  and  apophyses  "—scarcely 
anything  has  been  accomplished  to  show  why  one  terminal  cartil- 
age should  possess  an  osseous  nucleus  earlier  than  another,  even 
though  they  are  situated  on  the  same  bone,  or  on  the  same 
extremity  of  the  bone.  The  femur  affords  an  excellent  example 
of  this,  it  being  possessed  of  four  secondary  centres,  three  of 
which  are  situated  at  the  proximal  and  one  at  the  distal  end. 
The  ossific  nucleus  for  the  condyles  is  visible  at  the  commence- 
ment of  the  ninth  month  of  intra-uterine  life,  but  of  the  three 
for  the  upper  extremity  of  the  bone  that  for  the  head  appears 
in  the  first  year  after  birth,  that  for  the  great  trochanter  is 
delayed  untU  the  fourth  year,  whilst  the  lesser  trochanter  shows 
no  trace  of  ossific  matter  before  the  thirteenth  or  fourteenth 
year. 

It  is  interesting  to  note  the  regularity  with  which  the  more 
important  epiphysial  centres  make  their  appearance,  particu- 
larly in  those  terminal  cartilages  which  ossify,  each  from  a  single 
nucleus,  and  bear  a  large  ratio  to  their  shafts. 

With  the  hope  of  finding  some  explanation  why  certain 
secondary  centres  should  appear  before  others,  I  commenced  a 
series  of  experiments  to  determine  if  any  relation  existed  between 
the  terminal  cartilage  and  the  diaphysis  that  would  in  any  way 
ofier  a  satisfactory  elucidation  of  the  facts  above  mentioned. 
Careful  examination  of  numerous  skeletons  of  foBtuses  at  birth 
induced  me  to  state  the  following  general  rule : — 
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Tlte  centres  of  ossification  appear  earliest  for  those  epiphyses 
which  bear  the  largest  relative  proportion  to  the  shafts  of 
the  hones  to  which  they  belong. 

The  nile  applies  to  the  following  bones  more  particularly : — 

Upper  Limb. — Humerus,  radius,  ulna,  metacarpals,  and  first 

row  of  phalanges. 
Lower  Limb. — Femur,   tibia,  fibula,  metatarsals,  and  first 

phalanx  of  the  hallux. 

It  must  be  obvious  that  the  remaining  phalanges  of  hand  and 
foot  are  too  small  at  birth  to  admit  of  the  application  of  the  rule 
with  certainty. 

Method  of  applying  the  Rule. — The  long  bones  and  their  car- 
tilages are  carefully  cleaned  of  periosteum,  perichondium,  and 
connective  tissue. 

(1)  The  entire  bone  is  weighed. 

(2)  The  weight  of  each  terminal  cartilage  is  then  ascertained 

separately. 

(3)  Lastly,  the  shaft  of  the  bone  is  weighed. 

These  weights  known,  one  is  able  to  calculate  readily  the  pro- 
portion any  given  terminal  cartilage  bears  to  the  shaft 
The  tibia  affords  a  good  example : — 

The  entire  bone  weighed  .        .  147  grains. 

Upper  cartilage       „  ...        48      „ 

liower  cartilage       „  ...         18      „ 

The  diaphysis         „  ...        81       „ 

.-.  Upper  cartilage,  48  grains  :  shaft  81  grains  : :  1  to  17  (nearly) 
.  • .  Lower       „         18      „     :     „    81      „      : :  1  to  4-5. 

The  centre  for  the  upper  terminal  cartilage  may  be  seen  as 
a  small  earthy  spot  at  birth ;  that  for  the  lower  end  is  visible 
about  the  end  of  the  second  year.  It  is  usually  stated  that  the 
centre  for  the  head  of  the  tibia  is  not  constantly  found  at  birth, 
but  in  all  cases  where  I  have  been  sure  that  the  foetus  was  born 
at  full  term,  the  nucleus  has  been  present. 

Observations  wore  first  made  on  certain  femora  and  tibiie  taken 
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indiscriminately.  Finding  the  result  in  each  case  uniform, 
experiments  were  made  upon  seven  skeletons,  under  similar 
conditions.  In  each  particular  instance  the  terminal  cartilages 
bore  the  same  relative  proportion  to  their  respective  shafts, 
whatever  the  weight  of  the  foetus,  care  being  taken  to  obtain 
variety  in  this  respect — the  largest  foetus  weighed  12  lbs.,  the 
smallest  7  lbs. 

The  observations  were  repeated  on  three  other  skeletons,  in 
addition  to  numerous  single  bones  taken  at  random,  with  similar 
results. 

In  the  instance  of  the  femur  at  birth,  the  various  cartilages 
attached  to  it  weigh  collectively  almost  as  much  as  the  dia- 
physis,  e^,: — 


An  average  femur  at  birth  weighs 

The  cartilages 

The  shaft        .... 


255  grains 
126      „ 
130      „ 


leaving  a  difiference  merely  of  4  grains.  In  two  instances  the 
cartilage  weighed  more  than  the  osseous  shaft. 

No  other  long  bone  possesses  this  preponderance  of  cartilage. 

The  following  table  contains  the  relative  weight  of  bone  and 
cartilage  for  the  more  important  long  bones  of  an  ordinary 
skeleton  at  birth : — 


Name  of  Bodc 

Lower  Limb — 

Femur,   .        .        .         . 

Tibia,      .        .        .         . 

Fibula,   .        .        .         . 

Metatarsal  of  hallux,^ 

First  phalanx  of  hallux,^ 
Upper  Limb — 

Humerus, 

Kadius,  .         .         .        . 

Ulna,      .         .        .         . 

Metacarpals,*  . 

First  phalanx  of  pollox,^ 


Weight  of  Bono 

Weight  of 

Weight  of 

Entire. 

Shaft. 

Ciiitilago. 

grains. 

grains. 

grains. 

255 

130 

126 

147 

81 

66 

29 

20 

9 

8 

6 

2 

3 

2i 

4 

130 

71 

59 

84 

20 

14 

85 

25 

10 

6i 

5 

li 

8 

24 

4 

^  Tn  the  case  of  the  metatarsal  bone  and  first  phalanx  of  the  hallux  the  proxi- 
mal cartilages  only  were  compared ;  the  distal  cartilages  were  weighed  with  the 
shafts.  The  metacarpal  and  first  phalanx  of  the  pollox  wore  examined  in  the 
same  manner. 

In  the  remaining  metacar|)als  the  distal  cartilages  were  taken,  leaving  the 
proximal  cartilage  to  weigh  with  the  shaft. 
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The  ratios  borne  by  the  separate  cartilages  to  their  respective 
shafts  are  arranged  in  a  tabular  form,  on  reference  to  which  it 
will  be  readily  observed  that  the  proportion  of  any  given  car- 
tilage to  its  shaft,  and  the  dates  of -the  development  of  the 
epiphysis,  are  in  uniform  relation. 

Table  of  Pbopobtions  aud  Dates.* 


Ago  at  which  Ossification  for 
Epiphysis 


9th  week  of  intra-uterine  life, 
At  birth,       .... 

End  of  Ut  and  commeuce- 1 
mcnt  of  2nd  year,      .         j 

End  of  2nd  year,  . 

3rd  year,       .        .        .         << 


End  of  3rd  year, 
4th  year, 
5th  year, 
5th  to  6th  year, 

14th  year,     . 


Name  of  Epiphysis. 


Lower  end  of  femur. 

Upper  end  of  tibia, 

Lower  end  of  radios, 
Head  of  femur. 
Head  of  humerus,  • 
Lower  end  of  fibula, 

Ist  metatarsal. 

Lower  end  of  humerus, 

1st  metacarpal, 

1st  phalanx  of  hallux. 

Lower  end  of  tibia. 

Head  of  fibula. 
Great  trochanter,    . 
Lower  end  of  uLna, 
Upper  end  of  radius, 

Lesser  trochanter,  . 


Batio  to  Sbaf  k 


1  to  1-6 

ltol7 

1  to  2-2 
1  to8 
1  toS 
1  toS 

1  toS 
1  to  3-4 
1  to  8*5 
1  to4 
1  to4 

1  to  4*6 
lto6 
1  to6 
1  to  6-6 

1  in  30 


The  humerus  is  probably  the  least  accurate  in  the  list,  on 
account  of  the  difficulty  in  separating  the  various  pieces  of  car- 
tilages of  the  great  tuberosity  and  the  head.  The  inferior 
extremity  could  not  be  divided,  consequently  the  ratio  of  the 
entire  lower  epiphysial  cartilage  is  placed  opposite  the  date  of 
appearance  of  its  earliest  nucleus  (that  for  the  capitellum),  which 
becomes  developed  about  the  third  year. 

At  birth  the  upper  end  of  the  ulna  consists  of  a  large  mass  of 
cartilage,  its  ratio  is  not  given  in  the  list,  because  growth  from 
the  shaft  invades  this  terminal  cartilage  until  nothing  but  a  thin 
lamella  remains  for  independent  ossification  at  the  tenth  year. 

The  intention  of  this  paper  is  to  show  that  the  ratio  of  a  ter- 
minal cartilage  to  the  diaphysis  being  given,  on  referring  to  the 

^  The  dates  arc  taken  chiefly  from  9th  edition  of  Quain*s  Anatomy, 
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table  the  date  of  appearance  of  its  ossific  centre  may  be  inferred 
with  a  tolerable  amount  of  accuracy.  In  certain  of  the  bones 
the  ratio  varies^  sometimes  being  a  little  in  excess,  sometimes  a 
little  below  the  figures  given  in  the  tables,  but  rarely  more  than 
a  few  points  above  or  below  the  theoretical  quantity.  This 
occurs  most  frequently  in  those  bones  concerning  which  anatom- 
ists hold  slightly  different  opinions  as  to  the  exact  date  at  which 
the  secondary  centres  develop.  The  lower  ends  of  tibia,  ulna, 
and  the  upper  end  of  the  radius  are  the  most  notable  examples. 
Possibly  this  difference  in  the  date  of  appearance  of  the  centre 
depends  upon  slight  variations  in  the  relative  proportion  of  bone 
and  cartilaga 

The  nile  also  explains  why  the  centre  for  the  lower  end  of  the 
fibula  should  appear  before  that  of  the  upper  end,  being  the 
reverse  of  the  order  in  which  they  appear  for  the  extremities  of 
the  tibia,  but  the  ratios  of  cartilage  and  shaft  are  in  the  reverse 
order  also,  thus  affording  an  admirable  example  of  application  of 
"  The  Eule  of  Eatios." 
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NOTES  ON  THREE  CASES  OF  CEREBELLAR  DISEASE. 
By  Thomas  Ouveb,  M.D.,  M.R.C.P.  Lond.,  Phyddan  to  iJie 
NevxasUe-upon-Tyne  Injurmary,  and  Ledmrer  oii  Practical 
Physiology  in  the  University  of  Durham, 

In  vol  XV.  of  this  Journal  I  published  in  detail  the  history  of 
two  cases  of  cerebellar  disease,  in  r^ard  to  one  of  which  I  ven- 
tured to  express  the  opinion  that  the  patient  would  become  a 
general  paralytic.  That  opinion  has  been  realised.  Symptoms 
of  insanity  set  in  a  few  months  ago,  and  the  patient  is  now  an 
inmate  of  our  Borough  Asylum.  The  other  case  was  one  of  tuber- 
cular disease,  which  had  involved  the  whole  of  the  left  lobe  of 
the  cerebellum,  without  giving  rise  to  any  of  the  usual  symptoms 
of  cerebellar  disease,  such  as  staggering  or  muscular  inco-ordina- 
tion. 

In  the  cases  which  form  the  subject  of  this  paper  the  usual 
symptoms  which  belong  to  disease  of  the  organ  are  met  with, 
and  an  additional  interest  is  perhaps  attached  to  them,  seeing 
that  they  each  belong  to  different  periods  of  life.  The  middle 
lobe  is  the  seat  of  the  lesion  in  two  of  the  patients,  and  the  left 
lobe  in  the  other. 

Case  1. — On  the  10th  September  1881  I  was  in  consultation  with 
Dr.  Hopper  of  Felling,  when  he  kindly  asked  me  to  see  Geoi^ 
Garrett,  a  boy  four  years  of  age*  Two  months  before  tins  the  boy  had 
fallen  on  the  back  of  his  head,  and  on  the  following  day  it  was  noticed 
that  ho  staggered  a  great  deal,  and  that  he  could  scarcely  walk-  After 
the  accident  patient  continued  to  vomit  occasionally,  and  complained 
frequently  of  pain  in  his  head.  Until  the  date  of  the  fall  there  was 
no  indication  of  disease  so  far  as  the  parents  noticed.  The  boy  was 
unable  to  stand ;  he  was  no  sooner  pkced  on  his  feet  than  ho  fell 
backwards.  The  diagnosis  was  cerebellar  disease,  and,  as  the  case  was 
one  of  interest,  I  had  him  placed  under  my  care  in  the  Ncwcastlo 
Infirmary. 

On  the  26th  September  patient  was  very  sick,  and  was  frequently 
convulsed.  After  this  he  was  completely  blind.  Ophthalmoscopic 
examination  revealed  nothing  more  than  marked  pallor  of  the  discs. 
Tlic  vessels  pi'esented  nothiug  remarkable.  When  the  convulsions 
ceased  their  place  was  taken  up  by  small  tremors,  which  affected  the 
arms  and  legs,  and  these  pei'sisted  more  or  loss  to  the  end. 
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In  the  farther  notes  of  the  case  I  find  it  stated  that  he  changes  his 
colour  repeatedly ;  one  moment  he  is  extremely  pale,  in  another  he  is 
flushed.  The  t4che  cerebrale  is  well  marked.  When  lifted  out  of  bed 
he  whines ;  he  never  cries.  When  spoken  to  he  simply  whines,  and 
answers  "  what "  to  every  question.  Placed  on  his  feet,  it  is  noticed 
thai  he  cannot  walk,  or  even  stand,  unless  he  is  supported — that  his 
head  is  carried  too  far  back,  and  that  there  is  marked  opisthotonos. 
His  legs  are  somewhat  rigid,  and  patellar  tendon  reflex  is  increased. 
On  the  nurse  helping  him  to  walk,  it  is  observed  that  he  gets  along 
only  by  performing  a  succession  of  jumps,  both  legs  being  lifted  with 
a  kind  of  jerk.  His  breathing  at  times  is  remarkably  slow,  not  more 
than  twelve  in  the  minute.  Both  pupils  are  dilated,  but  are  unequal, 
and  they  keep  changing.  First  one  is  dilated,  and  then  the  other. 
Conjunctiva  is  insensitive  to  the  touch.  The  head  is  very  largo, 
measuring  20|  inches,  and  there  is  a  heavy  bulging  occipital  region. 

The  course  of  the  illness  was  downward  from  the  first.  The  tremors 
and  vomiting  never  left  him,  and  he  remained  blind.  The  inability  to 
stand  and  the  opisthotonos  remained  marked  to  the  end,  before  which 
emaciation  developed  and  made  rapid  progress.  The  power  of  swal- 
lowing was  in  great  measure  lost,  and  he  died  very  slowly  comatose. 

At  the  post-mortem  the  heart,  lungs,  liver,  spleen,  and  kidneys  were 
found  healthy. 

Head. — On  removal  of  the  scalp  it  was  found  that  there  was 
slight  separation  of  the  sutures,  especially  the  sagittal  and  coronal, 
and,  on  exposing  the  dura  mater,  the  brain  was  found  soft  and 
fluctuating.  The  convolutions  on  the  upper  surface  of  the  brain  were 
flattened,  but  there  was  no  undue  adhesion  of  the  dura  mater.  A  great 
quantity  of  fluid  escaped  on  removal  of  the  brain.  The  temporo- 
sphenoidal  lobes  were  more  adherent  than  usual.  In  the  fissure  of 
Sylvius  there  was  complete  absence  of  tubercular  deposit.  A  consider- 
able quantity  of  fluid  escaped  from  the  lateral  ventricles  when  they 
were  opened.  The  brain  itself  was  healthy.  The  cerebellum  ex- 
hibited a  small  area  of  white  thickened  membrane  on  the  upper  surface 
of  the  middle  lobe.  The  cerebellum,  as  a  whole,  was  too  bulky,  and 
the  middle  lobe  was  almost  entirely  occupied  by  a  soft  gelatinoid 
growth,  which,  on  microscopical  examination,  proved  to  be  a  glioma. 
The  other  lobes  were  healthy. 

Case  2. — James  Wilson,  aged  eighteen  years,  an  errand-boy,  was 
admitted  into  the  Newcastle  Infirmary  on  the  4th  October  1882,  com- 
plaining of  pain  in  the  back  of  his  head,  neck,  and  eyeballs.  Patient, 
who  is  a  well-developed  lad,  was  healthy  until  about  three  years  ago, 
when  he  fell  off  a  swing  on  the  back  of  his  head,  and  although  the 
distance  was  only  a  few  feet,  he  was  stunned,  and  remained  uncon- 
scious for  a  short  time.  He  was  able  to  walk  home,  but  about  a  week 
after  the  injury  he  was  obliged  to  keep  in  bed,  as  he  was  suffering 
from  very  severe  pain  in  the  crown  of  his  head,  and  vomiting,  and 
from  numbness  in  his  face  and  tongue.  There  was  no  disturbance  of 
sight,  and  the  case  was  considered  by  a  medical  man  who  saw  him  to 
be  one  of  bihousness.  From  this  he  recovered.  A  little  more  than 
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two  years  ago  he  had  numbness  in  one  of  his  legs  and  one  of  the  sides 
of  his  face,  which  one,  however,  he  cannot  say.  This  attack  passed 
off,  and,  with  the  exception  of  slight  headache,  which  had  remained 
after  the  original  injury,  patient  remained  remarkably  well  until  three 
weeks  before  his  admission.  After  carrying  a  heavy  weight  on  his 
head  one  day,  he  suffered  from  severe  headache  and  8leeples8nes& 
Thereafter  he  began  to  experience  giddiness,  and  had  a  tendency  to 
fall  forwards,  or  to  the  left.  He  is  short-sighted,  as  he  calls  it,  and 
attributes  it  to  the  original  injury. 

Pain  in  the  head,  especially  over  the  occipital  region,  is  now  a  con- 
stant symptom.  It  is  very  severe,  and  usually  brings  on  vomiting. 
Both  discs  are  extremely  pale,  the  pallor  amounting  to  a  hard  chalky 
whiteness :  their  border  is  thickened  and  dark,  the  vessels  in  both  are 
obscured  in  their  course,  and  are  unequal  in  their  mode  of  distribution. 
At  the  point  at  which  the  veins  pierce  the  disc,  the  lower  and  internal 
vessel  is  ill-defined,  blunted  in  outline,  and  has  the  appearance  of  a 
white  film  surrounding  it.  Patellar  tendon  reflex  is  increased,  espe- 
cially in  left  leg ;  ankle  clonus  absent ;  plantar  reflex  not  appreciably 
altered.  The  muscles  of  both  legs  are  well  developed,  and  tiiere  is  no 
paralysis.  When  asked  to  walk,  it  is  noticed  that  the  patient  staggers 
slightly  from  side  to  side ;  he  can  turn  round  pretty  well,  aud  can 
stand  or  walk  with  his  eyes  closed.  The  dizziness  of  which  he  com- 
plains is  not  increased  by  closure  of  the  eyes.  When  lying  in  bed  he 
is  comparatively  free  of  pain ;  it  is  only  when  efibrt  is  made  that  he 
complains  of  headache  and  giddiness. 

Thoracic  and  abdominal  organs  are  healthy.  Was  ordered  mist 
pot  brom. 

Under  this  line  of  treatment  patient  improved  in  his  gait,  and 
seemed  to  be  doing  remarkably  well  in  every  respect  (with  the  excep- 
tion of  the  headache),  when,  on  the  morning  of  October  18,  he  died 
somewhat  suddenly.  For  the  last  two  or  three  days  the  pain  had  been 
very  severe,  especially  in  the  back  of  his  head,  and  the  vomiting  had 
been  rather  frequent,  but  with  all  this  he  was  very  cheerful.  On  the 
afternoon  «)f  the  17th  October  he  was  visited  by  some  of  his  friends,  to 
whom  he  seemed  remarkably  well.  Towards  evening  the  pain  in  the 
head  became  very  severe,  and  it  increased  as  time  went  on.  In  a 
paroxysm  of  pain  he  screamed,  was  seen  to  put  his  hand  to  his  head, 
and  fall  back  dead. 

Post-mortem,  —  Calvaria  presents  rather  a  short  antero-posterior 
diameter.  There  is  flattening  of  the  convolutions  of  both  hemispheres. 
As  the  brain  lay  on  its  superior  surface  the  anterior  portions  of  the 
temporo-sphenoidal  lobes  bulged.  Vessels  at  base  healthy.  Lateral 
ventricles  contain  large  quantity  of  a  clear  fluid  like  water.  The  left 
corpus  dentatum  in  cerebellum  is  unusually  soft ;  the  tissues  there  being 
diflluent,  the  softening  extends  from  the  left  corpus  dentatum  into  the 
right  side  of  cerebellum,  affecting  a  portion  of  the  right  hemisphere, 
but  leaving  its  corpus  dentatum  normal.  The  fourth  ventricle  is 
dilated ;  its  floor  is  unusually  soft  The  sinuses  contain  a  lai;ge 
quantity  of  blood,  and  there  is  a  large  quantity  of  fluid  in  the  spinal 
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canal  In  the  left  cerebellar  lobe,  which  was  softened,  a  small  reddish 
grey  patch  was  detected,  which,  under  the  microscope,  was  found  to  be 
composed  of  numerous  large  round  cells  without  any  stroma,  and,  con- 
sequently, a  sarcoma. 

The  third  case  is  one  of  exceptional  interest,  and  is,  if  the 
diagnosis  of  cerebellar  haemorrhage  is  correct,  one  of  very  great 
rarity.  For  the  opportunity  of  seeing  it  I  am  indebted  to  my 
friend  Dr.  Strang,  of  Newcastle,  who  kindly  asked  me  to  see  the 
case,  and  to  make  use  of  it  in  any  way  I  pleased. 

Case  3. — G.  H.,  aged  thirty-four  years,  a  joiner,  was  seen  by  us  in 
the  early  part  of  October  1882,  at  which  time  we  found  him  suffering 
from  loss  of  speech,  inability  to  stand  or  walk  unless  supported,  ex- 
treme muscular  inco- ordination  of  arms  and  legs,  and  a  tendency  to 
fall  backwards.  It  appears  that  one  evening,  something  like  eighteen 
months  ago,  patient,  when  engaged  in  a  game  of  dominoes,  suddenly 
lost  the  power  of  speech,  and  along  with  that  his  left  arm  and  leg 
became  powerless.  He  did  not  lose  consciousness.  His  speech  was 
so  unintelligible  that  he  could  not  be  understood,  and  he  himself  was 
aware  of  its  indistinctness.  His  friends  helped  him  home,  and  after 
being  ill  for  about  ten  weeks,  he  so  far  recovered  that  he  was  able  to 
go  about,  although  there  still  remained  some  weakness  in  his  arm  and 
leg,  and  slight  indistinctness  in  his  speech. 

Two  weeks  ago  patient  was  in  the  country,  and  just  as  he  was  sitting 
down  to  breakfast  he  complained  of  very  severe  headache.  All  at 
once  his  speech  became  affected,  and  vomiting  immediately  set  in.  He 
was  not  convulsed,  nor  did  he  lose  consciousness,  but  it  was  noticed 
that  he  could  neither  stand  nor  walk.  The  first  time  we  saw  him  his 
speech  was  so  indistinct  that  he  could  not  be  understood.  The  patient 
was  perfectly  sensible,  and  knew  everything  that  was  said  to  him. 
There  was  no  loss  of  power  or  sensation  in  his  arms  or  legs,  no  opis- 
thotonos, no  giddiness ;  he  was  sleeping  well  at  night,  and  had  a  good 
appetite.  There  was  no  paralysis  of  the  face ;  the  tongue  was  clean, 
and  pupils  were  slightly  dilated.  Patellar  tendon  reflex  was  increased 
in  both  leg&  He  could  not  stand  unless  he  was  supported,  and  ho 
would  have  fallen  when  his  eyes  were  closed.  On  getting  him  to  walk 
between  two  supports  it  was  noticed  that  his  legs  were  lifted  high  and 
awkwardly,  that  they  were  thrown  outwards  and  downwards  with  too 
much  force.  Before  getting  him  out  of  bed  it  was  noticed  that  the 
movements  of  the  arms  were  too  extensive  for  what  was  required. 
There  was  no  urinary  or  rectal  trouble.  Heart's  sounds  healthy; 
second  somewhat  accentuated. 

Five  or  six  weeks  after  my  first  visit  I  saw  this  patient  again.  He 
was  sitting  on  a  chair  at  the  side  of  the  fire.  His  speech  had  con- 
siderably improved  under  the  use  of  a  mixture  of  potassium  iodide. 
There  was  no  paralysis,  but  he  could  neither  stand  nor  walk  unless  he 
was  supported.  As  the  result  of  his  awkward  efforts  to  get  into  his 
chair  he  had  almost  broken  it.     With  a  grip  of  the  mantelpiece  he 
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could  move  a  yard  or  two  from  his  chair,  but  over  his  feet  and  legs  he 
had  no  control ;  they  were  thrown  about  just  as  by  one  who  is  suffer- 
ing from  locomotor  ataxia.  I  was  now  able  to  understand  a  good  deal 
of  what  ho  said  to  ma  In  answer  to  my  inquiry,  he  admitted  having 
had  syphilis  eight  years  ago.  His  emotional  faculties  seemed  to  have 
undergone  a  change  since  the  last  time  I  saw  him.  The  slightest  thing 
would  make  him  cry. 

While  the  function  of  the  cerebellum  is  in  great  part  unknown, 
physiology  and  pathology  alike  proclaim  it  the  central  organ  of 
co-ordination,  as  "  that  part  of  the  central  mechanism  by  which 
external  impressions  are  immediately  co-ordinated  with  certain 
responsive  actions."  The  cerebellum  then  is  regarded  rather  as 
the  regulator  than  the  initiator  of  muscular  movements.  Where- 
ever  the  effects  of  cerebellar  disease  have  been  noted,  it  has 
always  been  in  the  direction  of  disturbed  muscular  adjustment, 
and  it  is  because  of  their  bearing  upon  this  point  that  I  have 
thought  the  record  of  three  cases  of  cerebellar  disease  might  be 
of  some  interest. 

Setting  aside  the  question  of  the  nature  of  the  pathological 
conditions  in  the  case  last  of  all  reported,  and  which  are  doubt- 
less the  result  of  syphilis,  we  have  evidence  in  these  three  cases 
that  lesion  of  the  middle  lobe  of  the  cerebellum  has  been  more 
destructive  than  lesion  of  a  lateral  loba  From  this  fact,  how- 
ever, no  conclusion  is  drawn,  for  in  cerebellar  as  in  cerebral 
disease,  effects  vary  according  to  the  rapidity  with  which  the 
disease  is  developed,  and  the  nature  of  the  lesion,  that  is  to  say, 
whether  it  excites  or  destroys  the  tissues.  The  cerebellum,  for 
instance,  has  been  divided  in  the  middle  line  in  an  antero-pos- 
terior  direction,  and  there  have  been  no  disturbances  of  equili- 
brium of  any  importance  noticed  (Ferrier),  and  the  whole  of  a  cere- 
bellar lobe  has  been  destroyed,  as  in  one  of  the  cases  I  previously 
reported  in  this  Journal,  without  there  being  any  disturbance 
of  co-ordination  whatever.  It  is  the  exception,  however,  to  find 
lesions  in  any  of  those  areas  which  are  not  followed  by  symptoms. 
The  cases  just  reported  strongly  support  the  opinions  based  upon 
experimental  research,  particularly  the  first  and  third.  In  each 
of  these  the  middle  lobe  is  the  seat  of  disease :  in  one  of  them 
the  head  was  markedly  retracted,  and  in  both  the  tendency  to 
fall  backwards  was  very  noticeable.     Nor  in  the  other  is  there 
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wanting  the  well  known  sign  of  lateral  disease.  In  it — the 
second  case — though  the  staggering  was  not  extreme,  yet  it  was 
a  prominent  symptom,  and  that  too  in  the  absence,  as  shown 
after  death,  of  anything  like  an  extensive  lesion.  The  lesion 
was  not  extensive,  but  its  depth  in  the  lobe  raises  the  question 
as  to  whether  there  is  not  something  in  Vulpian's  statement  that 
lesions  affecting  the  deeper  parts  of  the  cerebellar  lobes  are  fol- 
lowed by  greater  disturbance  of  equilibration  than  the  more 
superficial  It  reuses  also  another  point,  and  it  is  this,  whether, 
in  the  case  of  disease  affecting  one  of  the  two  lateral  lobes  of  the 
cerebellum  functional,  activity  is  not  relegated  to  the  other,  as 
some  suggest,  or  whether  there  is  not  the  acquisition  of  a  power 
by  the  individual  through  the  medium  of  his  corpora  striata, 
whereby  he  is  able  to  co-ordinate  his  muscles — the  acts  coming 
probably  more  within  the  range  of  consciousness — so  that  what 
was  lost  by  cerebellum  is  gained  by  cerebrum. 

The  suddenness  of  the  symptoms  in  the  third  case  is  of  very 
great  interest.  This  fact,  with  the  history  of  syphilis,  and  a 
previous  cerebral  affection,  points  to  the  lesion  being  in  all  pro- 
bability hemorrhagic.  We  know  the  tendency  which  syphilis 
has  to  produce  disease  of  blood-vessels,  and  a  form  of  pacchy- 
meningitis,  from  both  of  which  blood  may  easily  come.  Leaving 
this  point,  however,  we  have  a  sudden  illness,  in  which  there  is 
complete  loss  of  ability  to  stand  or  walk,  vomiting  and  headache, 
and  no  paralysis  or  loss  of  consciousness,  these  two  latter  being 
points  of  great  importance  in  the  diagnosis  of  cerebellar  disease. 

It  is  noted  that  in  the  three  cases  the  patellar  tendon  reflex  is 
increased.  Possibly  in  the  case  of  H.  there  is  some  descending 
d^eneration  in  the  lateral  columns  of  the  spinal  cord,  as  the 
result  of  his  former  illness,  but  in  all  of  them  there  is  the  pro- 
bability of  a  cerebellar  origin.  I  have  no  means  of  knowing  at 
present  whether  in  cerebellar  disease  descending  degeneration  has 
been  found  in  that  part  of  the  spinal  cord  known  as  Flechsig's 
tract, — that  is  to  say,  the  area  immediately  behind  the  crossed 
pyramidal  tract  in  the  lateral  columns,  and  which  is  said  to  be 
directly  continuous  with  the  fibres  of  the  cerebellum, — to  such  an 
extent  as  to  influence  the  excitability  of  the  adjacent  areas.  In 
the  lad  Wilson — the  second  case — the  patellar  tendon  reflex  was 
increased  in  the  left  leg,  and  after  death  it  wan  the  left  cerebellar 
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lobe  that  was  found  to  be  the  seat  of  disease.  It  has  been  shown 
by  anatomists  that  fibres  pass  from  the  left  half  of  the  cerebellnm 
to  the  right  cerebral  lobe,  and  that  other  cerebellar  fibres  pass 
directly  downwards,  through  the  inferior  peduncles,  to  meet 
those  coming  from  the  right  cerebral  lobe  before  they  decussate, 
so  that  a  very  intimate  relationship  exists  in  the  motor  channels 
of  the  spinal  cord  between  cerebral  and  cerebellar  fibres.  Either 
then  a  degree  of  descending  degeneration  is  developed  in  the 
spinal  cord  in  cerebellar,  as  in  some  forms  of  cerebral  disease,  or 
by  means  of  the  relationship  just  shown  there  is  inhibition  of 
the  functional  activity  of  the  paths  by  which  voluutary  impulses 
travel 

The  lad  Wilson  exhibited  no  tendency  to  fall  when  his  eyes 
were  closed,  a  fact  of  some  importance  when  we  know  how  im- 
portant visual  impressions  are  in  the  mechanism  of  equilibration. 
Though  he  complained  of  short-sightedness,  yet  his  sight  was 
good.  Both  discs  exhibited  signs  of  advanced  d^neration; 
they  were  extremely  pale ;  their  arteries  were  attenuated,  and 
the  veins  distorted — an  atrophied  condition  the  result  of  in- 
creased venous  pressure  in  the  first  instance.  It  is  noteworthy 
that,  considering  the  amount  of  atrophy  met  with  in  optic  discs, 
the  sight  is  in  many  cases  of  intracranial  disease  very  little 
afifected. 
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A  CONTETBUTION  TO  THE  ANATOMY  OF  THE  INDIAN 
ELEPHANT.  By  R.  J.  Anderson,  M.A.,  M.D.,  DeTnons- 
trator  of  Anatomy,  Qiceens  College,  Belfast. 

The  very  complete  account  of  the  anatomy  of  the  Indian 
elephant,  published  io  vols.  xii.  and  xiii.  of  the  Journal  of 
Anatomy  and  Physiology,  leaves  little  to  be  desired.  An  oppor- 
tunity has  been  afforded  me  of  examining  a  specimen  of  this 
animal,  and  in  almost  all  points  I  have  been  able  to  verify  the 
descriptions  of  Messrs.  Miall  and  Greenwood. 

In  some  points,  however,  my  specimen  differs  from  that  of 
the  above-mentioned  anatomists.  In  a  few  others  the  descrip- 
tion is  supplemented.  Where  I  do  not  note  the  difference,  the 
descriptions  are  nearly  alike. 

The  cutaneous  muscle  of  the  abdomen,  wide  above  and  narrow 
below,  arises  from  the  subcutaneous  tissue  above,  and  is  inserted 
into  the  fascia  of  the  thigh  below.  The  fibres  are  parallel  to 
those  of  the  rectus,  and  overlie  the  pectoralis  major  and  rectus. 

Ttc  trapezius  in  this  specimen  differs  from  that  of  the  speci- 
men of  Miall  and  Greenwood  in  having  an  origin  from  the  inner 
half  of  the  superior  curved  line  of  the  occipital  bone,  as  well 
as  from  lig.  nuchsB  and  dorsal  spines.  The  upper  fibres  pass 
to  a  tendon  at  the  anterior  edge  of  the  muscle,  which  is  inserted 
near  the  upper  end  of  the  spine.  The  posterior  fibres  are  col- 
lected to  a  tendon  which  is  inserted  into  the  posterior  border 
near  the  upper  part 

The  masto-humeral  muscle  consists  of  three  parts.  The 
posterior  part  is  not  mentioned  in  Miall  and  Greenwood's 
description,  and  may  be  regarded  as  a  separate  muscle.  The 
posterior  part  arises  from  the  basilar  part  of  the  occipital  bone, 
is  3  inches  in  width  and  flat,  and  is  inserted  into  the  an- 
terior border  of  the  spine  below,  and  the  fascia  covering  the 
deltoid.  The  second  part  arises  from  the  basilar  portion  of  tlie 
occipital  bone,  close  to  the  preceding,  and  is  inserted  with  the 
third  portion  into  the  humerus  in  front  of  the  deltoid.  The  third 
portion  is  round,  and  takes  origin  from  the  mastoid  process.     A 
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tendinous  inscription  occurs  in  the  second  and  third  parts,  near 
the  shoulder. 

The  stemo-maxiUaris  consists  of  three  pieces  below  and  two 
above.  The  middle  part  arises  from  the  sternum,  the  lateral 
from  the  first  rib,  and  these  form  a  single  muscle  at  the  middle 
of  the  neck,  which  divides  above  into  two  muscle  bands  that  are 
inserted  into  the  inferior  maxilla.  Miall  and  Greenwood  give 
this  moscle  as  arising  from  the  first  rib,  but  state  that  the  con- 
dition of  their  specimen  did  not  enable  them  to  note  the  attach- 
ment accurately. 

The  stemo-mastoid  arises  from  the  sternum  for  3  inches, 
and  is  inserted  into  the  lower  part  of  the  zygoma.  Miall  and 
Greenwood  give  the  origin  from  the  first  rib.  Mr.  Young,  in 
vol.  xiv.  of  this  Jowrncd,  gives  the  attachment  to  the  sternum. 

The  rectus  capitis  posticus  major  and  minor  correspond  to 
Miall  and  Greenwood's  description,  but  I  find  no  trace  of  a 
lateral  rectus. 

As  in  Mr.  Young's  specimen,  the  pectoralis  major  has  a  very 
extensive  origin,  from  the  sternum  and  ext.  oblique  aponeurosis. 
The  upper  fourth  is  superficial,  and,  as  in  man,  passes  down  in 
front  of  the  lower.  The  insertion  is  internal  to  that  of  the 
masto-humeral  and  outside  the  biceps,  and  into  the  fascia  of 
the  arm. 

A  triangular  muscle,  described  as  pectoralis  minor  by  Young, 
I  find  arising  from  the  cartilage  of  first  rib,  and  inserted  into  the 
ffiiscia  covering  the  supra-spinatus.  But  no  muscle  comparable 
to  a  pectoralis  minor  inserted  into  the  upper  end  of  the  humerus 
is  present. 

The  deltoid  in  my  specimen  has  a  more  extensive  origin  than 
that  of  Miall  and  Greenwood.  It  arises  from  the  posterior 
border  of  the  spine,  the  unciform  process,  posterior  border  of 
scapula  (origin,  fleshy  below,  tendinous  above),  and  the  inter- 
muscular septa  between  it  and  the  infra-spinatus  and  triceps. 

The  biceps  has  a  single  head  of  origin  from  the  upper  part  of 
the  glenoid  process.  It  represents  the  gleno-radialis  of  Krause. 
The  coraco-brachialis,  representing  the  coraco-ulnaris  of  this 
anatomist,  arises  from  the  coracoid  process  and  capsule,  and  is 
inserted  in  the  inner  border  of  the  humerus  in  its  whole  length. 
(This  agrees  with  Mr.  Young's  description.) 
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The  pronator  teres  has  a  large  triangular  part,  which  underlies 
the  kmg  fibrous  band,  and  has  a  fleshy  attachment  for  5  inches. 
(More  extensive  than  in  Miall  and  Greenwood's  specimen.) 

A  radio-carpus,  not  described  by  the  above-mentioned  anato- 
mists, arises  from  the  surface  of  the  radius  external  to  the  pro- 
nator teres  extending  to  the  lower  extremity,  and  from  the 
interosseous  membrane.  The  fleshy  part  of  the  muscle  is  suc- 
ceeded by  aflat  tendon  that  is  inserted  into  the  anterior  ligament 
of  the  wrist  joint.  The  origin  of  the  muscle  corresponds  nearly 
to  that  of  the  flex.  long.  poUicis  in  man. 

The  tensor  vaginae  femoris  in  this  specimen  has  a  more  exten- 
sive insertion  than  that  described  by  Miall  and  Greenwood. 
Arising  from  the  anterior  third  of  the  iliac  crest  and  fascia  lata, 
it  is  inserted  into  the  fascia  lata  above  the  middle  of  the  thigh, 
half  the  circumference  of  which  it  surrounds.  It  is  connected 
with  the  gluteus  maximus  and  biceps  behind. 

The  internal  oblique  of  the  abdomen  arises  from  the  anterior 
fourth  of  the  iliac  crest  and  the  outer  part  of  Poupart's  ligament, 
the  fascia,  lumborum,and  last  rib  but  two,  and  the  last  but  three 
by  tendinous  slips.  The  fibres  radiate  so  as  to  form  a  fan-liko 
muscla  It  is  inserted  into  the  abdominal  aponeurosis.  A  flat 
muscle  band  is  inserted  into  the  last  rib  behind. 

The  transversalis  abdominis  arises  from  two-thirds  of  the  iliac 
crest,  fifteen  ribs,  and  the  lumbar  aponeurosis.  The  lower  mai^n 
of  the  muscle  forms  an  arch  10  inches  in  length  above  or  in 
front  of  Poupart's  ligament. 

No  sartorius  is  present 

The  tibialis  posticus  arises  from  the  posterior '  surface  of  the 
tibia  below  the  popliteus,  the  fibula  and  septa,  and  is  inserted 
into  the  2nd,  3rd,  and  4th  metatarsal  bones. 

The  following  are  the  measurements  of  the  viscera : — 

The  stomach  is  1  metre  40  cm.  long,  33  cm.  in  diameter. 

The  cardiac  opening  is  44  cm.  to  the  right  of  large  end. 

Length  of  small  intestines,  60  feet. 

Length  of  large  intestines,  including  csecum  and  rectum, 
26  feet. 

Length  of  caecum,  2  feet  2  inches. 

Circumference  of  cjecum,  50  inches. 

Circumference  of  colon :  1st  part,  34  inches;  2nd  part,  30  inches. 
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Rectnm,  14  inches. 

Small  intestine,  near  stomach,  7  inches;  near  csecom,  10 
inches. 

The  spleen  is  attached  to  the  stomach  by  the  gastro-splenec 
omentum.  Its  weight  is  3  lbs.  13  ounces.  Length,  1  metre  24 
cm. ;  breadth  at  widest  part,  10  cm. 

The  liver  has  two  lobes,  weighs  30  lbs.,  is  69  cm.  long,  39 
cm.  broad,  and  7  cm.  thick. 

The  pancreas  weighs  3^  lbs. 

The  heart,  15  lbs.  (a  portion  of  the  aorta  is  included). 

The  lungs,  32  lbs.  4  oz. 

The  brain,  6  J  lbs. 

The  kidneys :  The  right — ^length,  26  J  cm., ;  breadth,  19^  cm. ; 
thickness,  5^  cm.  The  left — length,  29  cm. ;  breadth,  20  cm. ; 
thickness,  6  cm.  The  weight  of  the  right  is  3f  lbs.,  and  the 
left  4  lbs.    Eight  lobes  are  present  in  each. 

The  bladder  measures  30  cm.  from  base  to  apex,  and  24  cm. 
in  diameter  transverse. 

The  supra-renal  capsules  weigh  3  ounces  each ;  each  has  a 
double  cornu  internally. 

The  tUems  is  16  cm.  in  length,  and  is  6  cm.  in  circumference. 

The  Fallopian  tubes,  each  45  cm.  in  length. 

The  vagina,  30  cm.  length,  18  cm.  circumferenca 

The  genito-urinary  passage,  80  cm.  length,  19  cm.  circumfer- 
ence below,  30  cm.  above. 

The  length  of  the  clitoris  is  45  cm. 

The  weight  of  the  animal  was  1^  tons  (?). 
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NOTE  ON  A  SPECIMEN  OF  ABSENCE  OF  THE  PARTS 
DEVELOPED  FROM  THE  FIRST  VISCERAL  ARCH 
ON  ONE  SIDE  IN  A  LAMB  (SEMI-AGNATHIA  ok 
SYNOTIA).  By  Fkedeeics  Eve,  F.R.C.S.,  Pathological 
Curator  of  the  Royal  College  of  Surgeons,  UTiglandy  and 
Sii/rgical  Registrar  to  St,  Bartholomew's  BospUaL 

The  most  strikiug  feature  of  the  malformation  consists  in  the 
exposure  to  view  of  the  cavity  of  the  mouth,  owing  to  the  absence 
of  the  right  superior  and  inferior  maxillary  bones.  Sloping  from 
the  posterior  end  of  the  exposed  buccal  cavity  is  a  smooth 
groove,  which  is  lined  with  mucous  membrane  and  extends 
upwards,  backwards,  and  outwards  to  the  pinna  of  the  ear. 
This  groove,  probably,  represents  the  posterior  extremity  of  the 
6rst  visceral  cleft,  in  which,  under  normal  conditions,  the 
external  auditory  meatus  and  Eustachian  tube  would  have  been 
formed. 

The  tongue  is  well  developed,  but  is  tightly  tied  down  to  the 
floor  of  the  mouth  on  the  right  side. 

The  skull  denuded  of  the  soft  parts  by  maceration,  pre- 
sents many  peculiarities.  All  the  bones,  developed  from,  or  in 
connection  with,  the  first  visceral  arch,  are  absent: — viz.,  the 
inferior  maxillary  bone,  developed  from  Meckel's  cartilage ;  the 
palate  and  pterygoid  bones,  formed  respectively  in  the  anterior 
and  posterior  portions  of  the  superior  maxillary  process  of  the 
first  arch ;  and  the  superior  maxillary  bone  itself,  subsequently 
formed  in  membrane ;  the  malleus ; — all  are  completely  wanting. 

While  the  premaxillary  bones  and  the  vomer,  which  are 
developed  in  connection  with  the  prenasal  cartilage,  are  well 
formed.  The  right  lachrymal  and  turbinated  bones  are  also 
normal 

Some  other  bones  of  the  right  side  of  the  skull  and  face  are 
either  wanting,  ill-developed,  or  ihodified  in  form ;  but  these  are 
either  directly  connected  in  their  development  with  some  portion 
of  the  first  visceral  arch,  or  serve  as  attachments  for  some  of  the 
masticatory  muscles;  or  they  are  modified  in  order  to  adapt 
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themselves  to  changes  caused  by  tha  absence  or  ill-development 
of  neighbouring  bones. 

The  temporal  bone  is  dwarfed.  The  tympanic  portion  is  very 
small,  its  bulla  is  rudimentary,  and  the  auditory  process  is  alto- 
gether absent. 

The  periotic  bone  is  more  largely  developed.  The  squamosal 
bone  extends  only  half  the  usual  distance  in  an  upward  direction, 
but  is  prolonged  forwards  and  inwards,  so  as  in  great  part  to 
fill  up  the  portion  of  the  base  of  the  skull  normally  occupied  by 
the  right  half  of  the  basi-sphenoid,  which  is  absent  No  trace 
of  any  of  the  bones  of  the  internal  ear  existed. 

All  the  parts  entering  into  the  formation  of  the  zygomatic  arch 
and  its  buttresses  are  wanting,  and  owing  to  the  absence  of  the 
malar  bone  and  the  external  orbital  process  of  the  frontal  bone 
the  floor  and  outer  wall  of  the  orbit  are  incomplete. 

The  parietal  bone  also  exhibits  some  peculiarities,  which  were 
probably  secondary  to  the  abnormalities  of  the  temporal  bone ; 
it  is  larger  than  normal,  and  is  divided  into  two  nearly  equal 
parts  by  a  horizontal  suture.  At  its  anterior  inferior  argle  is  a 
small  quadrate  plate  of  bone,  probably  analagous  to  the  bone 
sometimes  found  occupying  the  same  position  in  human  crania,and 
to  which  Professor  Flower  has  given  the  name  of  epi-pteric  bone. 

The  right  half  of  the  hyoid  arch  is  complete,  with  the  excep- 
tion of  the  incus,  the  development  of  which  Mr.  W.  Kitchen 
Parker  has  referred  to  the  second  arch. 

The  foramina  for  the  divisions  of  the  5th  nerve  are  very 
small  on  the  right  side ;  and  the  foramen  for  the  carotid  artery 
is  formed  in  front  by  the  sphenoid,  and  behind  by  the  squamosal 
bone. 

The  bones  of  the  left  side  of  the  skuU  and  face  are  normal, 
except  that  the  palatine  plates  do  not  extend  to  the  middle  line. 
The  left  half  of  the  inferior  maxilla  is  shortened  and  suddenly 
incurved  at  its  anterior  extremity. 

The  brain  was  well  formed,  and  its  two  halves  were  symmetri- 
cal. All  the  cranial  nerves  existed,  but  the  5th  and  9th 
nerves  oflf  the  right  side  were  small 

The  preservation  of  the  soft  parts  for  a  museum  specimen  ^ 

^  The  skull  and  soft  parts  are  preserved  in  the  Royal  College  of  Surgeons' 
Museum,  Teratological  Series,  Nos.  193b  and  193o. 
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did  not  permit  of  a  minute  dissection  of  the  blood-vessels,  the 
condition  of  which  was,  therefore,  undetermined. 

The  iamb  was  in  other  respects  well  formed,  and  of  the  usual 
size.  It  had  been  observed  to  suckle,  and  appeared  in  good 
health  when  it  was  killed  on  the  day  after  its  birth. 

Remarks. — ^The  chief  interest  of  this  abnormality  consists  in 
the  remarkable  manner  in  which  the  parts  developed  from  the 
first  visceral  arch  are  mapped  out  by  their  absence  on  one  side. 

The  specimen,  perhaps,  also  affords,  in  some  measure,  a  proof 
of  the  correctness  of  the  received  descriptions  of  the  mode  of 
development  of  some  of  the  bones  of  the  face  and  skull. 

It  presents  another  point  of  interest  in  the  manner  in  which 
the  inter-dependence  of  co-related  structures  in  their  develop- 
ment, is  illustrated ;  as  by  the  modification  of  the  parietal  and 
squamosal  bones  to  fill  up  the  gap  in  the  skull,  which  would 
otherwise  have  been  occasioned  by  the  absence  of  the  greater 
part  of  the  right  half  of  the  basi-sphenoid ;  and  by  the  absence 
of  the  zygomatic  arch,  the  existence  of  which  as  a  muscular 
attachment  was  rendered  unnecessary. 

As  regards  the  cause  of  the  malformation  only  negative 
evidence  is  gained,  from  the  fact  that  the  brain  and  cranial 
nerves  were  well  developed.  The  malformation  may  have  been 
due  to  some  disease  of  the  blood-vessel,  causing  thrombosis 
at  an  early  period  of  foetal  life.  To  such  causes  Kundrat^ 
refers  some  congenital  defects  of  the  brain  substance.  This 
explanation,  however,  is  rendered  improbable  by  the  common 
cases  in  which  absence  of  the  maxillary  bones  on  both  sides  has 
been  observed,  especially  in  lambs. 

The  rarity  of  the  condition  described  is  attested  by  the  fact 
that  no  case  of  semi-agnathia  is  mentioned  in  the  standard 
works  on  malformation  by  Geofifroy  St.  Hiliare,  Gurlt,  Forster, 
and  Ahlfeld. 

^  Die  Porencephalies  Leuscliner  and  Lubciisky  Graz,  1882. 
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THE  OSSIFICATION  OF  THE  TEMPORAL  BONE     By  J. 

B.  Sutton,  Senior  Demonstrator  of  Anatomy  at  the  Middlesex^ 
ffospital.    (Plate  XVIIL) 

In  his  Lectures  on  the  Elements  of  Comparative  Anatomy ^  pub- 
lished in  1864,  Professor  Huxley  described  the  "  pars  petrosa  " 
of  the  human  temporal  bone  as  arising  from  three  independent 
centres  of  ossification.  He  distinguishes  an  opisthotic  centre, 
which  appears  near  the  fenestra  ovalis,  and  ultimately  gives  rise 
to  the  promontory,  lower  portion  of  cochlea,  surrounds  the 
fenestra  rotunda,  and  contributes  half  the  contour  of  the  fenestra 
ovalis ;  it  also  gives  rise  to  the  carotid  canal  by  developing  a 
lamella  of  bone,  which  gradually  wraps  itself  around  the  carotid 
artery,  and  so  converts  the  primitive  groove  for  that  vessel  into 
a  complete  tube,  at  the  same  time  furnishing  the  inner  part  of 
its  floor  to  the  tympanum.  The  second  centre  is  termed  Pro- 
otic.  It  is  situated  at  the  outer  end  of  the  superior  vertical 
semicircular  canaL  It  invests  the  roof  of  the  cochlea,  the 
superior,  and  part  of  the  posterior  vertical  semi-circular  canals, 
the  internal  auditory  meatus,  and  forms  the  tegmen  tympauL 
To  it  is  also  due  the  upper  half  of  the  fenestra  ovalis,  and  a  con- 
siderable portion  of  the  pars  mastoidea. 

The  third  centre  gives  rise  to  the  mastoid  process,  and  invests 
the  posterior  part  of  the  posterior  semicircular  canaL  This 
nucleus  is  named  the  Epiotic. 

These  centres  begin  to  appear  after  the  middle  of  the  fifth 
month,  increase  rapidly  in  the  sixth  month,  at  which  date 
nothing  is  met  with  but  a  beautiful  reticulated  cartilage  ossifica- 
tion, which  later  is  absorbed  and  replaced  by  true  vascular  bone. 
The  modiolus  and  lamina  spiralis  ossify  at  the  end  of  foetal  life 
without  ever  having  been  cartilaginous.  The  foregoing  account 
has  been  generally  adopted  by  anatomists  in  this  country,  but 
Kolliker  in  his  Enttvicklungsgeschichte,  1876-79,  gives  coun- 
tenance to  the  views  of  Vrolik,  who  describes  the  origin  of  the 
petrous  bone  from  four  centres,  with  two  additional  ones  for  the 
mastoid  portion. 
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The  situation  of  these  centres,  ac5Cording  to  Vrolik,  is  as 
follows : — 

(a)  One  on  the   promontory  corresponding   to   Huxley's 

opisthotic. 

(b)  Another  in  the  neighbourhood  of  the  aqueductus  ves- 

tibulL 

(c)  A  third  on  the  roof  of  the  internal  auditory  meatus, 

representing  the  pro-otic. 

(d)  The  fourth  gives  rise  to  the  roof  of  the  cochlea. 

(e)  Lastly,  two  nuclei,  the  representatives  of  the  epiotic, 

give  origin  to  the  mastoid  process. 

Eecently  I  have  investigated  the  mode  of  development  of  this 
important  bone,  particularly  with  regard  to  the  relation  borne 
by  the  various  ossific  centres  to  the  nerves  found  grooving  the 
bone  in  the  adult  Before  giving  an  account  of  my  observations 
on  the  ossification  of  the  petrous  bone,  I  will  give  a  description 
of  the  periotic  cartilage  and  the  parts  in  relation  with  it  in  their 
early  cartilaginous  conditions : — 

At  the  fifth  month  of  intra-uterine  life  the  squamo-zygomatic 
plate  and  the  tympanic  annulus  are  already  ossified,  but  ,the 
labyrinth,  malleus,  incus  with  the  orbicular  element,  and  the 
stapes  are  in  the  primitive  cartilaginous  condition.  The  Folian 
process  of  the  malleus  and  the  Beichertian  cartilage  are  well 
seen,  as  two  rods  embracing  the  tympanic  bone  (see  fig.  1, 
sty,  hyal). 

The  anterior  extremity  of  the  future  pars  petrosa  is  smoothly 
rounded,  corresponding  exactly  to  the  first  turn  of  the  cochlea, 
and  the  fenestra  rotunda  opens  on  the  under  surface  of  the 
skull.  There  is  no  canal  for  the  carotid  artery,  no  Eustachian 
tube,  or  the  least  evidence  of  pyramids,  anterior  or  posterior,  for 
the  tensor  tympani  and  stapedius  muscles  respectively. 

The  three  semicircular  canals  may  be  clearly  traced  by  the 
prominences  they  form  on  the  surface  of  the  cartilage.  The 
superior  vertical  canal  is  especially  evident,  on  account  of  the 
large  fossa  ^  which  it  surrounds  being  exposed  when  the  dura 
mater  is  stripped  off.  Posteriorly  to  the  semicircular  canals  is 
a  broad  plate  of  cartilage,  in  which  the  ex-occipital  may  be  seen 
developing  {ex.  oc.,  fig.  1),  for  at  this  date  there  is  no  line  of 

^  Floccular  fossa. 
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demarcation  between  the  temporal  and  occipital  portions  of  the 
cartilaginous  cranium.  A  hole  in  the  cartilage  behind  the 
eminence  formed  by  the  posterior  canal,  marked  j  in  fig.  1, 
transmits  a  vein  from  the  interior  of  the  cranium  to  join  the 
external  jugular  vein.  This  foramen  is  represented  in  the 
osseous  skull  by  the  opening  immediately  posterior  to  the  mas- 
toid process,  which  affords  passage  to  an  emissary  vein  from  the 
lateral  sinus,  frequently  of  considerable  size. 

Above  the  external  semicircular  canal,  and  jutting  out  at 
right  angles  to  the  main  portion  of  the  ear  capsule,  is  a  pro- 
minent ledge,  which  extends  as  far  forwards  as  the  geniculate 
ganglion  of  the  facial  nerve,  a  spot  corresponding  to  the  hiatus 
Fallopii  in  the  adult  bone.  In  contact  with  the  under  surface 
of  this  shelf,  aud  lodged  in  a  recess  excavated  in  the  carriage, 
will  be  seen  the  malleus  and  incus,  their  outer  surfaces  lying  in 
contact  with  the  squamosal  and  above  the  membrana  tympani. 
Although  the  membrana  is  present,  there  is  as  yet  no  tympanic 
cavity.  This  ledge  of  cartilage  (for  reasons  to  be  presently 
assigned)  should  be  termed  the  pterotic  7'idge,  later  it  becomes 
transformed  into  the  tegmen  tympani,  or  roof  of  the  tympanum 
{Ft.  r.,  fig.  1). 

At  this  stage  the  Fallopian  canal,  which  in  the  adult  runs  so 
singular  a  course,  has  no  existence  except  as  a  canal  barely  one- 
sixteenth  of  an  inch  long,  extending  from  the  internal  auditory 
meatus  to  the  position  of  the  future  hiatus  Fallopii  From  this 
point  the  seventh  nerve  (portio  dura)  lies  in  an  open  groove, 
passing  backwards  between  the  incus  and  the  labyrinth  directly 
above  the  fenestra  ovalis,  finally  coursing  downwards  to  gain  the 
interval  betweeu  the  future  styloid  process  and  the  mastoid  por- 
tion. Thus,  from  the  spot  where  the  nerve  develops  the  geni- 
culate ganglion  its  course  is  extra-cranial,  as  has  been  pointed 
out  by  Gegenbaur.^ 

The  chorda  tympani,  which  later  runs  so  complicated  a  course, 
merely  passes  between  the  tympanic  ring  and  the  cartilaginous 
capsule  to  gain  the  lingual  branch  of  the  fifth,  without  traversing 
any  canal  At  this  date,  and  even  as  late  us  the  sixth  month, 
the  palatine  branch  (great  superficial  petrosal)  of  the  facial  lies 
outside  the  cranial  cavity,  for  the  floor  of  the  skull  between  the 

^  Morph.  Jahrbuchy  Bd.  ii.,  1876,  "  Bemcrkungen  iiber  den  canalis  FaUopiL" 
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rounded  anterior  extremity  of  the  periotic  cartilage  and  the  ali* 
sphenoid  is  formed  only  by  dura  mater.  It  is  only  when  the 
roof  of  the  tympanum  and  the  anterior  pyramid  are  ossified  that 
this  nerve  can  be  said  to  lie  inside  the  cranium.  Even  in  the 
adult  it  becomes  a  question  whether  structures  situated  between 
the  bone  and  cranial  dura  mater,  find  not  in  any  way  perforating 
it,  can  be  correctly  spoken  of  as  intercranial,  that  is,  from  a 
morphological  point  of  view.  In  the  case  of  the  palatine  nerve 
this  question  is  an  important  one.  The  fact  of  its  being,  for  a 
certain  ^  period  at  least,  outside  the  cranium,  supports  strongly 
the  view  held  by  certain  morphologists  that  the  palatine  nerve 
of  the  seventh,  which  in  fishes,  particularly  elasmobranchs,  is 
altogether  outside  the  cranium,  is  homologous  with  the  great 
superficial  petrosal  of  Mammalia.^  In  the  embryonic  condition 
this  nerve  is  relatively  far  larger  than  in  the  adult  state. 

The  tympanic  branch  of  the  glossopharyngeal  (Jaoobson's) 
crosses  -the  promontory  and  passes  to  its  destination  without 
traversing  canals  or  fdaramiw^  of  any  description. 

Even  the  auricular  branch  of  the  pneumogastric  (Arnold's) 
crosses  the  small  elevation  in  the  cartilage,  represeuting  the 
future  mastoid  process,  communicates  with  the  portio  dura 
(seventh),  and  passes  to  its  destination  behind  the  pinna  without 
entering  a  foramen  or  complicated  tunnel,  but  lies  exposed  in  a 
furrow. 

Consequently,  the  intricate  course  pursued  by  these  nerves  in 
the  adult  skull  results  from  the  extensive  modification  the  parts 
undergo  during  the  process  of  ossification.  The  long  tunnel, 
which  in  the  thoroughly  ossified  cranium  lodges  the  auricular 
branch  of  the  vagus,  is  at  first  merely  a  narrow  chink  left  be- 
tween the  tjrmpanic  ring  and  the  periotic  bone,  its  length 
depending  upon  the  large  external  elongation  the  tympanic  bone 
undergoes  after  birth. 

The  relation  of  the  nerves  mentioned  above  to  one  another, 
and  to  the  periotic  cartilage  and  its  appendicular  elements,  is 
shown  in  fig.  1,  where  appropriate  letters  refer  to  individual 

^  These  remarks  are  eqnaUy  applicable  to  the  Gasserian  ganglion  and  its  three 
great  divisions  at  their  immediate  origin. 

'  Ck>nsalt  more  particularly  on  this  point  Jackson  and  Clarke  on  "  The  nerves 
of  Echinorhinus  spitumis  "  in  the  Jour,  Anat,  and  Phys.^  vol.  x.,  1875  and  1876. 

VOL.  XVII.  2  K 
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nerves,  the  tympanic  bone  being  dotted,  so  as  not  in  any  way  to 
complicate  the  figure. 

Ossification  commences  about  the  end  of  the  fifth  month  by  a 
small  nodule  which  makes  its  appearance  on  the  promontory 
(the  bulging  which  marks  the  first  turn  of  the  cochlea);  it 
quickly  surrounds  the  fenestra  rotunda  from  above  downwards,^ 
and  spreads  backwards,  forming  the  floor  of  vestibule  and  lower 
part  of  fenestra  ovalis  and  the  internal  auditory  meatus  respec- 
tively. Anteriorly  ossification  proceeds  from  this  centre  around 
the  cochlea,  forming  a  distinct  hook-like  process,  terminating  at 
the  internal  auditory  meatus.  Later,  the  floor  of  the  tympanum 
and  canal  for  the  internal  carotid  artery  arise  as  an  outgrowth 
from  the  lower  part  of  this  centre,  which  is  called  the  opistfu)iic 

A  nodule  of  bone  deposited  on  the  surface  of  the  cartilage, 
directly  posterior  to  the  internal  auditory  meatus,  is  termed  the 
pro-^tic  centre.  From  it  arises  in  due  course  the  roof  of  vesti- 
bule, part  of  the  fenestra  ovalis,  and  the  bony  covering  of  the 
superior  vertical  semicircular  canal ;  anteriorly  it  passes  over  the 
facial  and  auditory  nerves,  and  fuses  with  the  hook-like  process  of 
the  opisthotic  to  complete  the  internal  auditory  meatus.  Hence 
tfie  foramen  of  exit  of  the  seventh  cranial  nerve  marks  thepoirU 
of  union  of  the  pro  and  opisthotic  ccTitres. 

Almost  simultaneous  with  the  appearance  of  the  pro-otic 
centre,  ossific  granules  make  their  appearance  over  the  outer 
limb  of  the  horizontal  semicircular  canal,  extending  thence  out- 
wards into  the  pterotic  ridge  (tegmen  tympani)  and  downwards 
to  form  an  osseous  covering  to  the  external  canal,  finally  blend- 
ing with  the  opisthotic.  Even  in  a  foetus  six  and  a  half  months 
old  the  rectangular  plate  of  bone  representing  this  centre  is 
easily  separated,  except  at  the  angle  where  it  joins  the  pro-otic 
portion,  and  even  this  line  of  junction  is  frequently  perforated. 
This  centre  should  be  termed  the  pterotic. 

Lastly,  a  nucleus  termed  the  epiotic  appears  on  the  posterior 
portion  of  the  posterior  semicircular  canal,  eventually  covering 
in  this  canal,  and  giving  rise  to  the  mastoid  portion.    Barely  a 

^  When  tlie  opisthotic  first  ossifies,  the  fenestra  rotunda  opens  on  the  base  of 
the  skull,  but  when  the  floor  of  the  tympanum  extends  backwards  a  narrow  canal 
forms,  known  later  as  the  aqueductus  cochleae,  which  lodges  a  membranous  tube, 
with  a  blind  end,  known  as  the  ductus  perilymphaticus. 
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second  smaller  nodule  may  appear  between  the  primary  centre 
and  the  squamosal 

The  subsequent  course  of  events  is  simple.  The  various 
centres  grow  rapidly,  and  very  quickly  fuse,  disguising  all  trac^ 
of  their  original  individuality.  The  open  groove  for  the  portio 
dura  becomes  covered  in  by  the  pterotic  growing  over  it  to 
anchylose  with  the  pro-otic  and  opisthotic,  thus  shutting  off  the 
nerve  from  the  tympanic  cavity  by  only  a  very  thin  plate  of 
bona  This  osseous  layer  encloses  the  stapedius  muscle  in  a 
bony  compartment  known  as  the  posterior  pyramid,  leaving  a 
small  aperture  for  the  tendon  to  pass  forwards  to  the  stapes.  A 
little  chink,  known  as  the  "  iter  chordae  posterius,"  allows  the 
passage  of  the  chorda  tympanL  Below  the  origin  of  this  nerve 
from  the  seventh,  the  stylo-mastoid  foramen,  or  termination  of 
the  aqueduct,  is  completed  by  the  union  of  the  post-auditory 
process  of  the  squamosal  with  the  pterotic  posteriorly,  and  tym- 
panic bone  anteriorly. 

The  pterotic  growing  forwards,  surrounds  the  geniculate  gan- 
glion to  join  the  portion  of  bone  anterior  to  it,  thus  leaving  this 
ganglion  free  on  the  floor  of  the  skull,  so  that  even  at  birth  the 
hiatus  Fallopii  is  in  reality  a  fossa,  and  not  a  foramen,  its  com- 
plete investment  not  taking  place  until  some  months  after  birth. 
When  the  pterotic  joins  the  opisthotic,  a  thin  lamella  of  bone 
envelops  the  tensor  tympani  muscle  forming  the  anterior  pyra- 
mid, leaving  merely  a  small  foramen  at  the  apex  for  the  tendon 
to  gain  the  malleus.  The  line  of  junction  of  opisthotic  and 
epiotic  portions  is  accurately  indicated  by  the  little  groove  lodging 
the  palatine  nerve  (great  superficial  petrosid  nerve),  as  it  runs  for- 
ward to  gain  the  Vidian  canaL  Some  notion  of  the  rapidity  with 
which  the  opisthotic,  pro-otic,  and  pterotic  centres  develop,  may 
be  gathered  from  the  fact  that  at  the  middle  of  the  fifth  month 
there  is  not  the  least  trace  of  ossification  in  the  periotic  cartilage, 
but  by  the  end  of  the  sixth  month  the  three  portions  have  fused, 
leaving  scarcely  a  trace  of  the  lines  of^  junction  between  their 
09sific  centres.  This  fact  renders  necessary  much  patience  and 
care  in  procuring  and  examining  specimens.  It  unfortunately 
happens  that  during  their  early  development  the  bones  of  the 
skull-base  are  enclosed  in  dense  fibrous  membrane,  which 
adheres  firmly  to  them,  so  that  unless  care  is  exercised  delicate 
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pieces  are  very  easily  detached.    My  plau  has  been  to  macerate 
the  skull  and  gently  wash  away  the  debris  day  by  day. 

The  separate  centres  for  the  petro-mastoid  bone  and  the  parts 
developed  from  them  may  be  arranged  in  a  tabular  form : — 

Opisthotic  (in  intimate    Cochlea  Fenestra  rotunda.  The  anterior 

relation  with  the        and  inferior  portion  of  the  internal 

cochlea).  auditory  meatus,   part  of    fenestra 

ovalis. 

Later,  the  carotid  canal  and  floor  of 

tympanum,  and  the  anterior  pyramid 

for  the  tensor  tympani  muscle. 

Pro-otic.      .  Bone  covering  the  superior  semicircular 

canal,  roof  and  posterior  boundary  of 
the  internal  auditory  meatus,  part  of 
vestibule  and  fenestra  ovalis  and 
part  of  mastoid  process. 

Pterotic.      .  .     Covering    for    external    semicircular 

canal,  tegmen  tympani,  Fallopian 
canal,  and  posterior  pyramid  for  the 
stapedius  muscle. 

Epiotic.       .  .    Mastoid  process  and  covering  for  pos- 

terior semicircular  canal 

From  this  table  it  will  be  readily  seen  that  the  details  of  the 
mode  of  ossification  of  the  complex  pars  petrosa,  according  to  my 
observations,  differs  from  those  described  by  Professor  Huxley  in 
two  important  particulars.    Briefly  they  may  be  summed  up  :— 

(a)  The  cochlea  is  ossified  from  opisthotic  only.  Professor 
Huxley  says — part  opisthotic,  and  in  part  pro-otic, 

(J)  The  parts  described  by  me  as  originating  from  the 
pterotic  centre,  according  to  Professor  Huxley,  are 
ascribed  to  the  pro- otic.  It  seems  to  my  mind  that 
J.  F.  Meckel  ^  has  some  doubts  concerning  the  true 
origin  of  the  tegmen  tympani  and  the  covering  of  the 
horizontal  semicircular  caual  from  the  nucleus,  since 
termed  by  Professor  Huxley  pro-otic,  although  he 
states  he  could  not  find  a  particular  nucleus  for  it 

*  Hanuel  d* Anaiomiif  torn,  ii.,  Fi'encli  ♦••aduction. 
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His  account  is  after  this  fashion: — "The  horizontal 
semicircular  canal  commences  to  ossify  at  the  fifth 
month.  At  this  epoch  the  osseous  piece  which  forms 
the  superior  semicircular  canal  extends  backwards, 
downwards,  and  outwards,  around  the  membranous 
horizontal  canal.  It  has  been  impossible  for  me,  at 
least,  to  discover  a  particular  nucleus  for  this  canal, 
which  seems  to  ossify  from  an  extension  of  the  two 
previous  nuclei."^  Even  Professor  Huxley,  in  the 
"  Ijectures "  referred  to  at  the  commencement  of  this 
paper,  in  speaking  on  this  subject  (page  153),  states : — 
"  A  second  very  small  quadrate  ossification  is  situated 
at  the  outer  end  of  the  superior  vertical  semicircular 
caual,  and  apparently  ^  extends  into  the  cartilaginous 
tegmen  tympanic 

(c)  The  remaining  point  of  diflference  concerns  the  epiotic, 

which  is  described  as  origiuating  from  a  simple  nucleus, 
its  occasional  duplicity  not  being  noted  by  anatomical 
writers  previous  to  Vrolik. 

(d)  With  regard  to  the  centre  for  the  roof  of  the  cochlea, 

described  by  Vrolik,  I  can  only  state  that  I  have  failed 
to  discern  it  in  the  numerous  specimens  examined. 
What  evidence  can  be  adduced  to  show  that  the  centre 
which  has  been  described  for  the  roof  of  the  tympanum 
should  be  termed  pterotic  ? 

Professor  Parker,  in  his  admirable  Morphology  of  the  Skull, 
writes  thus: — "A  remarkable  feature  about  the  ear-capsule  is 
the  formation  at  an  early  period  in  nearly  all  types  of  a  more 
or  less  horizontal  projection  called  the  pterotic  ridge:  it  is 
related  to,  and  often  contains  part  of,  the  horizontal  semicircular 
canaL  Where  there  is  a  tympanum  this  ridge  overhangs  the 
articulation  of  the  appendicular  elements  of  the  skull.  When 
a  tympanic  cavity  is  developed  this  ridge  is  specialised  into  a 
tegmen  tympani  or  tympanic  roof,  and  there  is  a  definite 
scooping  of  the  ear  mass  beneath  this  ridge." 

The  ridge  of  cartilage,  which  was  described  as  standing  out 

*  "The  two  previous  nuclei"  ;  this  refers  to  the  pro-otic  and  opisthotic. 
rhis  word  is  not  in  italics  in  the  original. 
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above  the  malleus  and  incus>  as  well  as  the  ossific  centre  which 
later  converts  it  into  the  bony  ledge  which  after  birth  anchyloses 
to  the  squamosal,  seems  to  me  to  fulfil  all  these  conditions. 
The  ridge  in  question  covers  part  of  the  horizontal  canal,  forms 
the  tegmen  tympani,  is  in  actual  contact  with  the  malleus  and 
incus  (appendicular  elements  of  the  skull),  whose  main  portions 
occupy,  not  the  true  tympanum,  but  a  recess,  the  antrum 
mastoidea,  scooped  out  beneath  the  ledge.  The  long  process 
of  the  incus,  the  handle  of  the  malleus,  and  the  stapes,  are  the 
only  parts  of  the  ossicula  actually  in  the  true  tympanic  cavity. 
The  relation  of  the  ridge  to  the  portio  dura  is  strong  evidence 
iu  favour  of  the  homology  of  tegmen  tympani  and  pterotic  ridge. 

At  birth  the  bone  consists  of  three  pieces — petro-mastoid, 
sf^uamosal,  and  tympanic  annulus.  The  styloid  process  remains 
for  some  time  in  the  condition  of  cartilage.  The  carotid  canal 
is  complete,  the  plate  of  bone  separating  it  from  the  tympanum 
being  cribriform.  The  floccular  fossa  is  filled  by  a  process  of 
dura  mater,  but  is  still  very  lai*ge ;  the  Eustachian  tube  and 
tympanic  cavity  are  filled  with  fcetal  connective-tissue.  The 
processus  gracilis  of  the  malleus  is  very  large,  and  the  ossicula 
are  almost  as  large  in  the  foetus  at  term  as  they  are  in  the 
adult 

The  remaining  parts  of  the  temporal  bone  presents  certain 
features  of  interest :  attention  must  now  be  directed  to  them. 
The  lower  edge  of  the  squamosal  is  at  first  nearly  straight,  but 
near  the  end  of  intra-uterine  life  it  sends  a  curved  process 
downwards  between  the  tympanic  piece  and  the  petrous  bone. 
This  curved  process  corresponds,  as  Professor  Huxley  has  shown, 
to  the  margo-tympanicus  or  post-auditory  process  of  the  adult 
temporal  bone.  It  is  through  the  intervention  of  this  process 
that  the  tympanic  bone  does  not  anchylose  with  the  pterotic 
ossification.  The  line  of  fusion  of  the  squamosal,  with  the 
tegmen  tympani,  is  visible  even  in  adult  skulls  as  a  fissure 
named  petro-squamous.  The  tympanic  piece  remains  as  a 
delicate  horseshoe-shaped  bone  up  to  the  middle  of  the  eighth 
month  of  intra-uterine  life.  After  this  period  the  upper 
extremities  anchylose  with  the  lower  border  of  the  squamosal ; 
directly  after,  and  occasionally  even  before  birth,  the  tympanic 
piece  also  fuses  with  the  sides  and  floor  of  the  tympanum  and 


Digitized  by 


Google 


THE  OSSIFICATION  OF  THE  TEMPORAL  BONE.  507 

with  the  processus  gracilis  of  the  malleus,  which,  a  few  years 
after  birth,  merely  exists  as  a  stunted  process,  with  a  small 
bundle  of  fibrous  tissue  attached,  the  representative  of  the  so- 
called  laxator  tympani  muscle. 

At  birth  the  antrum  mastoidea  is  of  largo  size,  excelling  in 
this  respect  the  cavity  of  the  true  tympanum.  This  is,  of 
course,  explained  in  part  by  the  relatively  large  size  of  the 
auditory  ossicula;  the  external  semicircular  canal  forms  a 
prominence  on  its  inner  wall.  If  the  stylo-mastoid  foramen 
be  examined  in  a  macerated  specimen  of  the  temporal  bone 
obtained  from  a  foetus  at  birth,  it  will  be  found  very  large,  and 
in  some  instances  the  cavity  of  the  posterior  pyramid  actually 
opens  on  the  outer  wall  of  the  skulL  To  the  anterior  aspect  of 
the  foramen  a  tiny  nodule  of  bone  is  frequently  found,  but  so 
loosely  fixed  that  a  slight  force  detaches  it  This  nodule  is  the 
tympano-hyal  of  Professor  Flower.*  In  the  recent  condition  it 
is  surrounded  by  the  cartilage  representing  the  future  styloid 
process,  whose  proper  nucleus,  the  stylo-hyal,  appears  later,  but 
remains  movable  on  the  tympano-hyal  for  some  years,  but 
eventually  they  anchylose,  so  that  in  the  adult  all  traces  of  the 
original  separation  of  these  two  parts  is  lost.  For  a  long  time 
after  birth  cartilaginous  tracts  exist  in  the  temporal  bone,  the 
most  important  being  one  between  the  post-auditory  process  of 
the  squamosal  and  the  mastoid,  sometimes  extending  into  the 
situation  of  the  future  mastoid  cells.  Another  is  situated 
between  the  temporal  and  its  junction  with  the  ex-occipital. 

In  conclusion,  I  would  remark  that  if  the  tegmen  tympani  be 
accepted  as  the  homologue  of  the  pterotic  element  in  the  skull 
of  the  fish,  and  certainly  from  its  anatomical  relations  there  is 
no  valid  reason  why  it  should  not  be  thus  recognised,  then 
grave  doubts  come  across  the  mind  as  to  the  claim  of  the  bone 
resting  immediately  above  the  quadrate  in  the  skull  of  the 
crocodile  to  be  called  "squamosal."  If  Professor  Parker's  views 
and  descriptions  regarding  the  pterotic  ridge  be  held  correct,  and 
to  my  mind  they  undoubtedly  are,  then  the  squamosal  of  the 
crocodile's  skull  is  not  homologous  with  that  bone  in  mammals, 
but  with  the  "tegmen  tympani."  Of  course  the  crucial  test 
would  be  as  to  its  mode  of  origin,  cartilage  or  mcmlranc,  but 

*  Osteology  of  tJie  Mamvnlia, 
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unfortunately  very  young  crocodiles  are  not  always  at  hand;  never- 
theless, in  the  adult  skull  it  fulfils  all  the  anatomical  conditions 
required  of  the  pterotic,  more  especially  since  it  has  been  settled, 
on  fairly  secure  grounds,  that  the  malleus  is  the  homologue  in  the 
mammalian  skull  of  the  quadrate  bone  of  animals  lower  in  the 
scala  This  view  is  rendered  still  more  probable  by  the  fact  that, 
when  Professor  Huxley  first  published  his  lectures  on  this  sub- 
ject, he  described  the  bone  forming  part  of  the  articular  facet  for 
the  hyomandibular  in  the  skull  of  the  pike  as  the  squamosal, 
though  he  hinted  in  a  footnote  that  possibly  it  might  turn  out 
to  be  the  pterotic ;  later  he  came  to  a  fresh  determination  of 
its  nature,  and  changed  its  name  to  pterotic.  If  any  one  takes 
the  trouble  to  investigate  the  relations  of  this  bone  in  the  skull 
of  the  pike,  and  compare  it  with  the  bone  lying  above  the 
appendicular  elements  of  the  skull  of  the  crocodile,  named  the 
squamosal,  and  compare  it  with  the  tegmen  tympani  of  a 
mammal's  skull,  he  will,  I  think  (unless  it  can  be  clearly  proved 
to  originate  from  membrane),  be  convinced  that  the  bone  now 
called  squamosal  in  the  crocodile's  skull  is  in  reality  the 
pterotic. 

EXPLANATION  OF  PLATE  XVIIL 

Fig.  1  (xf).  The  periotic  cartilage  and  accessory  parts,  with  the 
principal  nerves  in  relation,  from  a  human  foetus  at  the  Mih  month. 
Ft.  R.,  Pterotic  ridge  slightly  exaggerated. 

VIL  Portio  dura  giving  off  the  great  superficial  petrosal  (G.Sp.P.)^ 
a  branch  to  the  small  superficial  petrosal  (/S.^.P.),  and  the  chonb 
tympani  (Oh.T.),  Mek,  (7.,  MeckePs  cartilage;  Ty,  of  IX.  tympanic 
branch  of  glossopharyngeal  nerve  (Jacobson's) ;  Sty,  hyal^  styloid 
process.     The  dotted  line  represents  the  tympanic  bone. 

Fig.  2.  Temporal  region  of  the  skull  seen  from  within.  C,  cochlea; 
F(dL  Card,,  Fallopian  Canal ;  Int.  Aud,j  internal  auditoij  meatus ; 
M.F,y  mastoid  foramen;  S.S.O.J  superior  semicircular  canal;  Ft  iZ., 
pterotic  ridge  ;  S.O.y  squamo-occipital ;  Ex.  Occ,  ex-occipital  develop- 
ing ;  A,  CF.f  anterior  condyloid  foramen. 

Fig.  3.  The  periotic  catilage  as  seen  from  the  interior  of  the  skulL 
To  show  the  relation  of  the  three  centres,  opisthotic,  pro-otic,  and 
pterotic,  to  one  another.  Ep»  The  black  dot  marks  the  situation 
where  later  the  epiotic  appears. 

Fig.  4.  The  temporal  region  of  the  skull  seen  from  without^  show- 
ing particularly  the  opisthotic  ossification  curling  round  the  cochlea. 
Other  references  as  before.  The  pterotic  ridge  somewhat  exaggerated 
for  the  sake  of  distinctness. 
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CASE  OF  PRIMARY  EPITHELIOMA  OF  THE  LUNG, 
WITH  SECONDARY  DEPOSITS  IN  THE  KIDNEY, 
VERTEBRA,  AND  RIBS.  By  W.  E  Hoyle,  M.A., 
M.RC.S.,  F.RS.E,  Naturalist  to  the  "  Challenger, "  Expedition 
Commission,  and  formerly  Devnonstrator  of  Anatomy  in  The 
Oioens  College  Medical  School.    (Plate  XIX.) 

(Studies  from  the  Pathological  Laboratory  of  The  Owens  College,  Manchester.  >) 

Some  time  ago  Professor  Dreschfeld  placed  in  my  hands  for 
microscopical  examination  portions  of  the  affected  lung  of  a 
patient  who  had  died  suddenly  from  pulmonary  haemorrhage  in 
the  Manchester  Royal  Infirmary,  along  with  the  following  account 
of  the  clinical  history  of  the  case : — ^The  patient  was  admitted 
in  a  generally  febrile  condition,  but  there  were  no  symptoms  of 
any  one  of  the  acute  exanthemata ;  the  physical  examination  of 
the  chest  presented  no  abnormal  signs ;  great  pain  down  the  right 
side  and  back  was  complained  of,  and  the  patient  was  shortly 
removed  to  one  of  the  surgical  wards.  Matters  continued 
pretty  much  in  this  condition,  and  no  definite  diagnosis  had 
been  arrived  at,  when  a  sudden  attack  of  profuse  haemoptysis 
terminated  the  case  fatally. 

The  post-m>ortem  examination  was  performed  by  Mr.  A  H. 
Young,  F.R.C.S.,  who  has  been  good  enough  to  furnish  me  with 
the  following  abstract  of  his  report : — 

Body  well  developed  but  somewhat  emaciated.  A  small  encysted 
hydrocele  in  connection  with  the  epidermis  occasioned  an  enlaigement 
on  the  left  side  of  the  scrotum,  and  the  inguinal  glands  on  both  groins 
were  slightly  enlarged  and  indurated.  With  these  exceptions,  there 
were  no  external  manifestations  of  morbid  changes.  On  opening  the 
thoracic  cavity  the  lungs  were  found  markedly  emphysematous  an- 
teriorly, and  so  voluminous  that  their  anterior  margins  came  into  appo- 
sition, and  entirely  concealed  the  pericardium.  Both  lungs  were 
universally  pigmented.  Section  revealed  chronic  bronchitic  changes, 
the  smaller  bronchial  tubes  being  surrounded  by  an  increased  amount 
of  peribronchitic  tissue,  and  their  lumen  occupied  by  thick  muco-pus. 
In  the  upper  lobe  of  the  left  lung  there  was  an  irregular  cavity  about 

1  This  iuyestigation  was  completed,  and  the  paper  for  the  most  part  written, 
more  than  a  year  ago,  during  the  period  of  Uie  author's  connection  with  the 
Owens  College. 
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the  size  of  a  walnut.  It  possessed  yery  thick,  indurated,  and  rugged 
walls,  and  communicated  hj  a  small  irregular  opening  with  the  main 
bronchus ;  this  latter  was  surrounded  with  dense  fibroid-like  new  for- 
mation, continuous  with  the  walls  of  the  cavity.  Both  bronchus,  with 
adjoining  branches,  and  the  cavity  itself,  were  filled  with  recent  blood 
clot.  Blood  clot  was  also  found  in  the  bronchus  of  the  right  lung, 
whilst  in  the  upper  lobe  of  this  lung  blood  had  passed  into  the  air 
cells  themselves. 

Pleuritic  adhesions  of  old  formation  existed  on  both  sides,  and  the 
visceral  layer  of  the  left  pleura,  especially  on  its  mediastinal  aspect, 
was  further  considerably  thickened  and  fibroid. 

Heart  and  pericardium  were  fairly  normal. 

Abdomen, — Peritoneum  healthy. 

Alimentary  canal  from  mouth  to  anus  was  entirely  free  from  molar 
changes. 

Liver  (3  lbs.  8  oz.)  was  congested.  Capsule  was  marked  by  super- 
ficitd  cicatrix-like  thickness.  A  small  cavity,  containing  clear  straw- 
coloured  contents,  was  situated  in  the  substance  of  the  left  lobe  ;  wall 
of  cavity,  thick  and  fibroid,  was  coated  internally  with  a  thin  layer  of 
tenaceous,  curdy,  puriform  material. 

Kidneys  (5  oz.  each). — Left  kidney  presented  four  rounded  nodules  of 
new  formation ;  their  size  varied,  the  smallest  measuring  half  an  inch  in 
diameter,  the  largest  I  inch.  The  majority  were  situated  deeply  in  the 
substance  of  the  organ,  one  only,  and  that  the  largest,  showing  itself 
on  the  surface,  where  it  formed  a  convex,  slightly  umbilicated,  projec- 
tion. Each  nodule  was  soft  in  consistency,  yellowish  in  colour,  and 
distinctly  circumscribed.  The  largest  showed  a  puriform  softening  at 
the  centre.  A  single  small  nodule,  of  precisely  similar  nature,  was 
found  in  the  substance  of  the  right  kidney.  Ureters,  bladder,  and 
urethra  normal.  Spleen  enlarged,  capsule  thickened,  substance  soft, 
but  free  from  new  formations. 

Oss^ona  System, — In  the  right  iliac  fossa  a  large  irregular  cavity, 
with  walls  and  contents  similar  to  that  existing  in  the  liver,  was 
found  in  relation  to  the  lower  lumbar  vertebra.  The  bodies  and 
laminae  of  the  last  two  of  these  formed  the  internal  boundary  of  the 
cavity,  and  their  transverse  process  projected  therein.  The  surface  of 
bones  implicated  was  bare  and  carious,  the  projecting  transverse  processes 
appearing  necrotic,  whilst  that  of  the  fourth  vertebra  was  also  detached. 

The  third  dorsal  vertebra  presented  a  rounded  projection  beneath 
the  periosteum,  on  the  right  side  of  its  body.  This  was  due  to  a  mass 
of  soft  whitish  material  of  new  formation,  which  appeared  to  invade 
and  involve  the  bone  itself.  The  fifth  rib,  near  its  posterior  angle, 
was  surrounded  by  similar  material,  which  gave  rise  to  a  fusiform 
swelling,  whilst  the  underlying  bone  was  so  far  implicated  that  spon- 
taneous fracture  had  occurred. 

Microscopical  Examination. — The  organs  particularly  examined 
were  the  lung  and  bronchus,  kidney,  vertebrre,  and  the  head  of  a 
rib.    With  respect  to  the  method  employed,  it  is  only  necessary 
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to  say  that  the  sections,  of  which  a  large  number  were  cut,  were 
made  with  a  freezing  microtome,  variously  stained  with  eosin  and 
logwood,  or  alum-carmine,  and  mounted,  some  in  dammar,  some 
in  Farrant's  medium. 

Examination  of  the  Lung. — The  implication  of  the  lung  by  the 
morbid  growth  had  proceeded  so  far  that  any  attempt  to  discover 
the  point  of  origin  of  the  disease  was  quite  out  of  the  question, 
and  I  was  obliged  to  content  myself  with  studying  the  mode  of 
its  subsequent  progress.  I  had  expected  that  this  would  have 
been  most  extensive  in  the  epithelium  of  the  glandular  struc- 
tures, but  to  my  surprise  I  found  that  it  was  the  fibrous  tissue, 
lying  between  the  cartilaginous  rings  and  the  lung  parenchyma, 
which  was  the  part  selected  for  its  most  rapid  development. 

Longitudinal  sections  of  the  bronchus  gave  me  a  very  com- 
plete view  of  its  mode  of  growth  (fig.  1) ;  and  in  such  a  section 
it  could  be  seen  that  although  the  tumour  had  attained  its 
mature  structure  in  the  fibrous  layer  above  mentioned  (fig.  1,  c), 
yet  the  bronchial  glands  presented  a  perfectly  normal  appearance, 
except  for  a  small  amount  of  round-celled  infiltration  between 
the  alveoli  (fig.  1,  g)y  which  was  to  be  attributed  to  slight 
peribronchitis. 

On  the  extreme  margin  of  the  growth  were  situated  small 
irregularly  oval  nucleated  cells,  lying  between  the  connective- 
tissue  fibres  (fig.  1,  h).  A  short  distance  inwards  from  these 
might  be  noticed  elongated  groups  of  somewhat  similar  cells, 
occupying  fusiform  spaces  in  the  connective  tissue  (fig.  1  c\ 
Proceeding  still  further  from  the  edge  of  the  growth,  there  were 
found  cell  groups  gradually  increasing  in  size  and  number  of 
constituent  elements,  and  separated  by  continually  decreasing 
amounts  of  fibrous  tissue. 

It  would  seem  to  be  clearly  proved  by  these  appearances  that 
small  epithelial  cells  penetrate  into  the  interstices  of  the  con- 
nective tissue,  and  there  proliferate,  thus  giving  rise  to  the  fusi- 
form groups  above  alluded  to,  and  that  by  their  growth  they 
cause  the  disappearance  of  the  fibrous  tissue :  it  seems  also  that 
the  elastic  fibres  persist  longer  than  the  white  ones. 

The  cells  of  the  tumour  become  eventually  very  large  (iu 
many  cases  0*015  mm.  in  diameter),  and  although  the  majority 
of  them  are  approximately  ovoid,  there  are  some  which  exhibit 
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considerable  variety  in  form.  There  are  numerous  nests  in  the 
tumour,  but  there  is  nothing  in  their  appearance  to  call  for 
special  description. 

This  mode  of  invasion  of  epithelioma  of  the  bronchus  differs 
from  those  which  have  been  observed  by  other  investigators. 
Stilling  (Virchow's  Archiv,  Bd.  Ixxxiii.,  S.  77)  has  described  how 
epithelioma  is  propagated  along  the  lymphatics  and  the  nerves ; 
and,  after  reading  his  paper,  I  carefully  examined  my  sections 
with  special  reference  to  these  two  points,  but  could  find  nothing 
to  lead  me  to  suppose  that  in  this  case  the  lymphatics  were 
specially  involved,  whilst  the  nerves  seemed  rather  to  resist  the 
morbid  action,  for  I  found  their  transverse  and  oblique  sections 
apparently  quite  normal,  and  yet  entirely  surrounded  by  the 
epithelial  cells. 

The  mediastinal  portion  of  the  visceral  pleura,  which  the 
tumour  had  also  invaded,  was  examined ;  but  the  development 
of  the  growth  in  this  locality  so  closely  resembled  that  just 
described  that  the  same  drawing  and  description  will  answer 
equally  well  for  both,  with  the  sole  unimportant  exception  that 
in  the  pleura,  as  also  in  the  kidney  and  bone,  a  good  many  cells 
contained  pigment  granules,  none  of  which  I  observed  in  that 
part  of  the  tumour  situated  in  the  bronchial  wall 

Examination  of  the  Bone, — ^The  sole  distinction  which  I  was 
able  to  observe  between  the  characters  of  the  growth  in  the  rib 
and  in  the  vertebrae,  was  that  in  the  former  it  appeared  to  be 
more  completely  developed,  and,  as  a  consequence,  the  nests  were 
more  numerous.  The  manner  of  its  origin  and  progress  seemed 
to  be  identical  in  both  localities,  and  it  will  therefore  be  unneces- 
sary to  describe  them  separately. 

A  section  of  the  bone  presents  large  irr^ular  spaces  of 
rounded  outline,  separated  by  narrow  trabeculae  of  perfectly 
normal  structure  (fig.  2,  a,  a).  These  spaces  would  seem  to 
result  from  the  erosion  of  the  walls  of  the  Haversian  canals, 
partly  because  of  their  shape,  and  partly  because  the  bone 
corpuscles  are  all  arranged  with  their  long  axes  parallel  to  the 
margins  of  the  spaces.  The  centres  of  these  cavities  contain 
more  or  less  closely  aggregated  masses  of  epithelial  cells  (fig. 
2,  6,  &),  which  are,  for  the  most  part,  ovoid  in  shape,  and  provided 
with  a  large  nucleus  and  distinct  nucleolus.    They  exibit  the 
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typical  arrangement  in   "nests"   in  those  places  where  the 
tamour  is  most  completely  developed. 

A  large  number  of  the  cells  contain  considerable  accumula- 
tions of  pigment  granules,  a  point  which,  as  above  stated,  was 
found  to  characterise  the  tumour  in  aU  its  various  situations 
except  the  bronchus. 

In  addition  to  the  growth  itself  these  spaces  contain  a  large 
amount  of  the  "moelle  fibreuse"  of  Cornil  and  Ranvier  (fig.  2,  c,  c); 
this  consists  of  masses  of  closely  packed,  very  long,  spindle- 
shaped  cells,  each  provided  with  an  elongated  nucleus.  It  is 
found  in  close  proximity  to  the  bouy  trabeculae,  the  fibres  in 
many  cases  appearing  to  spread  out  from  them  in  a  kind  of 
stream ;  usually  the  fibrous  material  lies  alongside  the  trabecula 
in  contact  with  it,  but  separated  by  a  clear  line  of  demarcation ; 
but  in  some  positions  no  such  boundary  can  be  traced,  and  the 
fibres  appear  to  grow  directly  out  from  the  bone  (fig.  2,  d,  d). 
The  bone  corpuscles,  too,  can  be  traced  passing  from  their  lacunae, 
when  these  are  opened  by  the  erosion  of  the  bcme,  and  taking 
part  in  its  formation. 

There  is  sometimes  also  a  clear  space  between  this  tissue  and 
the  masses  of  epithelial  elements,  from  all  which  it  may  be 
concluded  that  the  former  is  really  no  part  of  the  tumour,  but 
merely  the  product  of  the  inflammation  set  up  by  the  presence 
of  foreign  elements. 

The  margins  of  the  hollow  spaces  in  the  bone  are,  for  the  most 
part,  of  a  smooth  even  curvature,  but  here  and  there  this  regu- 
larity is  broken  by*  small  depressions  of  approximately  semi- 
circular outline,  and  in  many  cases  these  are  occupied  by  small 
cells  with  round  nuclei,  which  stain  deeply. 

I  have  little  doubt  that  these  are  concerned  with  the  destruc- 
tion of  the  bone,  but  I  have  hitherto  failed  in  finding  conclusive 
evidence  of  this. 

Examination  of  the  Bronchial  Mucous  Membrane. — Although 
the  mucous  glands  appeared  in  those  sections  which  showed  the 
tumour  advancing  in  the  bronchial  wall  to  be  quite  normal,  I 
nevertheless  found,  in  sections  taken  across  some  smaller  bronchi, 
appearances  indicating  that  morbid  changes  were  taking  place  in 
them ;  although  the  alveoli  were  still  of  quite  normal  size,  the 
epithelium  had  lost  its  columnar  regularity,  and  the  individual 
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cells  had  become  swollen  and  rounded,  so  that  the  lumen  of  the 
alveolus  was  quite  choked  up  with  the  mass  of  cells  (6g.  3,  c\ 

These  cells  were  also  proliferating,  as  might  be  seen  in  the 
alveoli  represented  in  fig.  3,  a  and  I.  In  h  was  a  mass  of  proto- 
plasm, in  which  were  six  separate  nuclei,  wliich  had,  moreover, 
become  much  more  deeply  stained  than  those  around  them, 
indicating,  of  course,  that  they  were  in  a  condition  of  more 
active  vitality.  In  the  alveolus  (fig.  3,  a)  was  seen  near  its 
centre  a  group  of  small  cells,  which  appeared  exactly  as  though 
they  resulted  from  the  breaking  up  of  a  similar  multi-nucleated 
mass  of  protoplasm. 

I  could  not  find  any  glands  in  which  the  morbid  process  was 
further  advanced  than  this,  and  I  am  therefore  unable  to  confirm 
the  statements  of  Langhans  (Virchow's  Archiv,  Bd.  liiL,  S.  470), 
that  the  alveoli  increase  in  size,  lose  their  mmbraiui  propria^ 
and  eventually  break  up  into  strings  of  cells,  which  grow  out 
into  the  connective  tissue  in  all  directions. 

Examination  of  the  Kidney, — In  this  organ  the  first  variation 
observed  from  the  normal  structure  is  a  slight  interstitial 
nephritis,  an  increase  in  the  intertubular  connective  tissue  (fig. 
4,  6),  caused  by  the  irritation  of  the  approaching  foreign  growth, 
and  completely  parallel  to  the  formation  of  "moelle  fibreuse" 
which  has  been  described  in  the  bone. 

The  connective- tissue  corpuscles  increase  gradually  in  number, 
and  give  rise  to  a  small  round-celled  infiltration  between  the 
renal  tubules ;  in  the  last  stages,  however,  of  the  development  of 
the  tumour  this  interstitial  tissue  becomes  less  abundant,  owing 
to  the  enormous  increase  in  the  epithelium. 

Changes  in  this  latter  proceed  concurrently  with  the  processes 
just  described.  The  cells,  which  at  first  appeared  somewhat 
shrunken  (fig.  4,  c),  owing  no  doubt  to  the  pressure  of  the  inter- 
tubular tissue,  swell  and  become  rounded,  thus  losing  their 
columnar  arrangement ;  their  nuclei  become  more  conspicuous, 
and  at  length  they  quite  occlude  the  tubules  (fig.  4,  d),  which  it 
consequence  do  not  stand  out  so  clearly  as  in  the  normal  kidney. 

It  is  at  about  this  stage  that  the  connective  tissue  attains  its 
maximum  development ;  henceforward  it  begins  to  diminish  in 
quantity. 

The  epithelial  elements  now  increase  rapidly  in  size,  and  form 
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in  transverse  sections  large  irregularly  rounded  groups  (6g.  4,  e), 
which  are  the  representatives  of  the  former  tubules,  all  the  inter- 
mediate stages  between  them  having  been  observed.  Eventually 
they  give  rise  to  the  usual  epithelial  nests. 

This  account  of  the  formation  of  the  tumour  in  the  kidney  is 
essentially  the  same  as  is  given  of  primary  epithelioma  in  this 
organ  by  Waldeyer  (as  quoted  in  Birch-Hirschfeld's  Lehrhudi). 

Conclusion. — From  the  above  I  think  we  may  look  upon  the 
lung  tumour  as  primary,  and  the  others  as  secondary.  As 
regards  the  origin  of  the  primary  growth  I  can  express  no 
opinion ;  it  may  have  arisen  from  the  glandular  epithelium  or 
from  the  epithelium  of  the  lung  itself ;  in  its  further  progress, 
however,  it  seemed  to  attack  more  especially  the  sub-glandular 
connective  tissue.  In  the  kidney  its  development  from  the 
glandular  epithelium  was  clearly  established. 

The  chief  interest  of  the  case  lies  in  the  nature  of  the  epitheli- 
oma which  belongs  to  the  pavement-celled  type,  and  its  occur- 
rence in  these  organs  without  any  trace  of  it  in  the  usual 
situations  (external  surface,  junction  of  this  and  mucous  surfaces 
lined  with  pavement  epithelium)  is  a  matter  of  the  greatest 
rarity.  I  have  been  informed  by  Mr.  Young  that  ut  the 
post-mortem  examination  the  most  careful  search  for  any  tumour, 
ulcer,  or  cicatrix  in  these  localities  gave  only  negative  results. 

The  gradual  change  from  a  carcinoma  with  large  alveolar 
spaces  (corresponding  more  to  the  type  known  as  scirrhus)  to  a 
tumour  with  the  structure  of  an  epithelioma  occurs  not  unfre- 
quently  in  such  organs  as  the  liver ;  but  in  this  case  the  fully 
developed  tumour,  wherever  found,  was  always  of  the  epithe- 
liomatous  type  (with  nests),  and  nowhere  resembled  any  other 
variety  of  cancer. 

Before  concluding  I  wish  to  record  my  thanks  to  Dr.  Dresch- 
feld  for  having  given  me  the  materials  for  this  investigation,  as 
well  as  for  the  use  of  his  laboratory  and  much  valuable  advice 
daring  its  progress. 


Digitized  by 


Google 


516  dASE  OF  PRIMARY  EPITHEUOMA  OF  THE  LUKO. 


REFEEENCES. 

Lakqhans,  **  Primarer  Krebs  der  Trachea  und  Bronchien,"  Vircliow's 

Archiv,  Bd.  liii.,  S.  470. 
Perls,  "Beitrage  zur  GeschwulBtlehre,"  Virchow's  Archiv^  Bd.  Ivi, 

S.  437. 
Stilling,  ''TTeber  primaren  Krebs  der  Bronchien  nnd  des  Ltrngen- 

parenchyms,"  Virchow's  Archiv,  Bd.  Ixxxiii.,  S.  77. 
BiRCH-HiRSCHFELD,  Lehrbuch  der  Pathologies  S.  1041.    1877. 


EXPLANATION  OF  PLATE  XIX. 

Fig.  1  (  X  200).  Longitudinal  section  through  the  bronchial  wall. 
Oy  Margin  of  lung  parenchyma  with  deposit  of  carbonaceous  matter  in 
the  lymphatics ;  b,  b,  normal  connective  tissue ;  c,  c,  connective  tissue 
invaded  by  the  tumour ;  dy  completely  developed  epithelioma ;  e,  bron- 
chial mucous  glands ;  /,  /,  sections  of  cartilaginous  rings ;  g,  round- 
celled  infiltration  between  the  alveoli. 

Fig.  2  ( X  200).  Section  of  diseased  vertebra,  a,  a,  Trabeculce  of 
bone ;  b,  6,  masses  of  epithelial  cells  \CyCy*^  moellefibreuse  *';  d,  d,  places 
where  this  appears  directly  continuous  with  the  bone ;  e,  e,  hemispheri- 
cal hollows  containing  small  round  cells. 

Fig.  3  (  X  550).  a,  b,  c,  Separate  alveoli  of  the  bronchial  mucoiuj 
glands. 

Fig.  4  ( X  200).  Transverse  section  of  the  kidney,  a,  Normal 
gland ;  b,  increased  intertubular  connective  tissue ;  c,  c,  shrunken 
tubular  epithelium ;  d,  d,  tubular  epithelium  swollen  and  proliferating ; 
e,  laige  groups  of  epithelial  cells  developed  from  the  tubules. 

N,B. — Although  figs.  1,  2,  and  4  are  shown  as  magnified  200 
diameters,  most  of  the  details  were  drawn  under  a  power  of  550 
diameters. 
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EESEARCflfiS  INTO  THE  HISTOLOGY  OF  THE  CEN- 
TRAL GEEY  SUBSTANCE  OF  THE  SPINAL  COKD 
AND  MEDULLA  OBLONGATA.  By  W.  Ainslie  Hollis, 
M.D.  Cantab ,  Brighton.     (Plate  XX.) 

The  spinal  canal  forms  a  convenient  standpoint  whence  to  con- 
sider the  changes  that  take  place  in  the  grey  columnar  mass  of 
the  central  nervous  system  as  it  passes  upwards  through  the 
cord  and  medulla  oblongata.  It  is  around  this  tubular  organ 
that  the  neuroglia  of  Virchow,  the  reticulum  of  Kolliker,  or,  as  I 
prefer  to  call  it,  the  polio-synectic^  tissue  is  arranged.  Throughout 
its  length  the  canal,  as  is  well  known,  is  lined  with  columnar 
(ciliated)  epithelium.  In  children  and  other  young  animals  it  is 
otherwise.  I  have  observed,  for  instance,  a  relict  of  the  develop- 
mental involution  of  the  epiblast  in  a  boy  aged  eight  years,  as 
far  down  as  the  lower  cervical  region,  where  a  furrow  separating 
the  epithelial  lining  opposite  the  posterior  fissure  marked  this 
embryonic  peculiarity  (fig.  1).  The  subepithelial  tissue,  which 
is  indistinguishable  from  the  synectic  proper,  and  of  which  it 
forms  a  part,  passes  in  such  cases  through  the  posterior  fissure 
in  the  form  of  a  triangular  plug  of  membrane  (as  viewed  in  a 
transverse  section),  and  completes  the  wall  of  the  canal  on  that 
side.  The  triangular  plug  of  membrane  I  have  occasionally 
traced  as  filling  the  greater  part  of  the  posterior  fissure  ^s  far 
down  as  the  lower  lumbar  region  in  adults.  It  is,  therefore, 
probable  that  development  rarely  eradicates  all  traces  of  the 
primitive  involution  of  the  ectoderm.  In  the  medulla,  the 
canal,  after  occupying  a  nearly  central  position  at  the  lower 
part,  gradually  passes  backwards  as  it  ascends  to  the  level 
of  the  calamus,  where,  as  we  know,  it  terminates  in  the 
fourth  ventricle.  In  the  newly-born  kitten  the  quadran- 
gular canal,  on  a  level  with  the  lower  part  of  the  olivary 
bodies,  is  lined  on  the  three  anterior  sides  only  with  columnar 
epithelium  (fig.  2).  The  fourth  and  posterior  wall  is  filled  by 
the    plug  of   synectic  membrane  above  mentioned.     At  the 

'  HoAi^s,  gfey;  (rw€itTiK6s,  binding.    For  brevity,  I  elsewhere  call  this  tissae 
"synectic." 
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calamus  the  epithelial  lining  invests  tlie  floor  of  tlie  fourth 
ventricla 

Beneath  the  columnar  layer  the  epithelial  elements  are 
observed  in  well-stained  specimens  to  form  more  or  leas  concen- 
trically arranged  layers  around  the  canaL  The  deeper  cells  (as 
is  usual)  become  more  spheroidal  in  shape  the  farther  they  are 
removed  from  the  lining  membrane.  The  flattened  nuclei  of 
these  cells  stain  deeply,  especially  if  hsematoxylin  is  the  reagent, 
and  when  observed  under  a  h^h  power,  such  as  a  Zeiss's  F, 
appear  to  be  similar  to  the  nuclei  of  the  polio-synectic  membrane 
elsewhere.  In  the  young  these  nuclei  are  more  numerous  than 
in  adult  life,  and  they  may  be  seen  in  the  former  case  to  thickly 
stud  the  developing  nerve  fibres  of  the  white  columns.  In  a 
longitudinal  section  of  the  cord  of  a  kitten  a  week  old  I  per- 
ceived these  nuclei  to  be  arranged  by  twos  and  threes  in  lines 
and  in  close  approximation  (fig.  3).  Each  group  appeared  to  be 
43urrounded  by  a  tubular  investing  membrane,  and  from  its 
situation  and  relationship  to  the  adjacent  tissues,  I  assume  that 
the  nuclei  within  it  are  deeply  concerned  in  the  differentiation 
and  growth  of  the  white  nerve  fibres.  In  adults  each  nucleus 
will  be  found  embedded  in  a  star-shaped  cell  of  synectic  tissue, 
whence  fibres  radiate  in  many  directions  (fig.  4).  Deiters  has 
already  described  these  cells.  As  the  nucleus  stains  £ar  more 
readily  than  the  rest  of  the  cells,  its  peculiar  formation  is  not 
always  readily  observable. 

The  similarity  in  the  size  and  shape  of  the  synectic  tissu6 
nuclei,  and  the  close  relationship  which  evidently  exists  between 
this  grey  tissue  and  the  lining  membrane  of  the  canal  as 
observed  in  the  posterior  commissure  especially,  and  its 
numerously-radiating  septa,  would  seem  to  support  the  idea  that 
it  is  rather  an  outgrowth  of  the  involved  epiblast  than  derivable 
from  the  subpial  membrane  (or  mesoblast)  as  EoUiker  conjec- 
tures. It  is  possible  that  both  methods  of  development  may 
really  take  place  in  the  formation  of  the  inner  and  outer  layers 
of  the  synectic  tissue,  the  tissue  framework  of  the  central  grey 
columns  being  specially  of  epiblastic  origin,  whilst  the  radiating 
septa  of  the  circumference  may  be  to  some  extent  mesoblastic.^ 

^  Before  finally  dismiasing  this  part  of  the  histology  of  the  cord  and  mednlla, 
I  may  draw  attention  to  the  fact  that  certain  pathological  states  seem  to  infloenee 
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The  much  greater  proportional  size  of  the  central  grey  columns 
to  the  white  in  young  animals,  together  with  the  important  rSle 
played  by  the  sjmectic  tissue  nudei  as  above  mentioned,  leads 
me  to  infer  that  during  growth  white  medullary  fibres  are  gradu- 
aUy  evolved  from  the  peripheral  layers  of  the  central  grey 
cellular  material 

1.  The  Ganglion  Nerve  Cells. — Besides  the  nuclei  and  cells 
above  described,  which  are  a  part  of  the  synectic  tissue  of  the 
cord  and  medulla,  there  are  various  cellular  elements  which 
belong  to  the  nervous  tissue  imbedded  within  it.  These  merit  a 
short  description,  as  my  observations  differ  somewhat  from  those 
of  preceding  histologists.  I  think  they  may  be  classified  under 
three  distinct  heads,  according  to  certain  peculiarities  of  shape ; 
their  variable  size  appears  to  be  of  less  anatomical  importance. 

In  the  anterior  cornua  of  the  cord,  and  their  extensions  to  the 
medulla,  and  in  the  hypoglossal  and  other  so-called  nerve 
nuclei  of  the  latter  body,  we  find  (as  is  well  knovm)  the  giant 
ganglion  cells  of  histologists.  These  cells,  although  extremely 
variable  in  shape,  have  certain  well-known  peculiarities  which 
mark  their  species.  Their  bodies  are  usually  more  or  less  fusi- 
form, with  many  processes  extending  from  them,  and  they 
invariably  include  a  large  well-developed  nucleus.  Histolo- 
gists usually  consider  that  one  of  these  processes  becomes 
a  medullated  nerve  fibre,  whilst  the  others  divide  dichoto- 
mously,  and  ultimately  form  a  delicate  nervous  plexus.  I 
cannot  say  that  I  have  been  able  to  see  this  peculiar  process 
arrangement  satisfactorily.  I  believe  that  in  some  instances 
two  or  more  nerve  fibrillae  may  originate  in  one  ganglion  cell, 
and  as  regards  the  ultimate  distribution  of  the  branched  processes 
I  am  ignorant  I  have,  however,  seen  two  ganglion  cells  occa- 
sionally to  be  united  by  a  fibre  (fig.  5).  In  adults  the  nuclei 
of  these  cells  stain  readily  with  the  usual  reagents,  the  cell 
plasma  not  quite  so  easily.  This  circumstance  has  led  some 
pathologists  to  suppose  erroneously  that  such  an  appearance 
indicates  a  morbid  change  in  the  cell  plasma,  but  this  is  not 

the  development  of  the  synectic  tissue  nuclei.  In  a  transverse  section  of  the 
cord  through  the  roots  of  an  upper  cervical  nerve  (from  a  man  who  died  of 
traumatic  tetanus  after  an  injury  to  the  hand)  I  found  the  posterior  roots  with 
the  substantia  gelatinosa  of  Rolando  infiltrated  by  large  numbers  of  these  bodies, 
which  were  far  more  numerous  there  than  usual  in  adults. 
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necessarily  the  case.^  When  highly  magnified,  the  nuclei  of 
these  cells  have  a  roughly  granular  appearance  (figs.  5  and  6),  a 
condition  which  might  imply  an  agglomeration  of  convoluted 
fibrillar  contents,  the  result  of  previous  karyokinesis.  In  infants 
and  young  kittens  these  large  ganglion  cells  occasionally  have 
two  nuclei  (fig.  8),  and  the  polar  processes  are  frequently  absent, 
or,  when  present,  are  comparatively  short  (cf.  figs.  6  and  7). 
It  seems  that  polar  prolongations  are  developed  in  many 
instances  with  the  growth  of  the  animal.  Some  one  or  two 
from  each  cell  serve  ultimately  for  the  conveyance  of  nerve- 
vibrations,  and  the  others  become  split  up  by  dichotomous 
ramifications  until  their  extremities  are  lost  in  the  surrounding 
synectic  tissue.  The  latter  prolongations  may  be  subservient  to 
the  nutrition  of  the  celL  I  can  scarcely  imagine  that  they  play 
an  important  part  in  the  conduction  of  nervous  impressions.  I 
believe,  with  Golgi,  that  all  the  processes  attached  to  a  cell  may 
be  branched,  but  I  cannot  assume  with  him  that  some  cells  form 
nerve  reticulations  and  others  do  not,  as  I  have  been  unable  to 
trace  the  former  arrangement  in  any  sections  under  my  observa- 
tion. 

2.  The  Pyriform  {unipolar  f)  Cells. — The  vesicular  columns  of 
Clarke,  and  the  tractus  intermedio-lateralis  in  the  spinal  cord, 
and  the  layer  of  grey  matter  which  separates  the  olivary  nucleus 
on  its  inner  and  posterior  aspects  from  the  rest  of  the  medulla, 
afford  in  their  cellular  contents  numerous  examples  of  the  second 
form  of  giant  nerve  ganglion,  the  pyriform  or  ovoid  ceU.  These 
cells,  which  may  be  occasionally  observed  in  other  parts  of  the 
cord  and  medulla,  differ  in  so  many  important  respects  from  the 
multipolar  cells  above  mentioned  that  I  have  ventured  to  give 
them  a  separate  description.  Their  average  size  is  smaller  tJian 
that  of  the  multipolar  cells,  their  bodies  stain  more  readily 
throughout  than  do  the  others,  and  we  consequently  find  their 
nuclei  somewhat  less  prominently  visible  in  prepared  sections. 
In  certain  parts  of  the  cord  they  are  found  closely  congregated 
in  cell  nests.^  The  cell  processes  are  limited  to  one  (or  it  may 
be  two  prolongations  in  some  cases)  to  each  ganglion.     In  the 

1  Hsematozylin,  carmine  (ammoniacal)  and  picrocannine  soIutionB  are  tbe  reagents 
I  have  generally  used  for  staining  nenre  tiBsnes. 
'  Especially  is  this  the  case  in  the  filnm. 
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tractus  intermedio-lateralis,  the  solitary  cell  process  is  seen 
frequently  to  pursue  an  outward  lateral  course  with  other  nerve 
fibres  running  from  the  posterior  outer  angles  of  the  anterior 
comua.  Among  these  cells  the  process-root  (as  it  issues  from  the 
cell-body)  is  generally  transversely  striated.  Under  a  Zeiss's  F, 
with  Abbe's  condenser,  this  striation  assumes  the  appearance  of 
a  spiral  fibre  wound  around  a  direct  one,  or  of  several  flattened 
discs  placed  edgeways  against  each  other  (figs.  9  and  10).  The 
researches  of  Beale  and  Arnold  have  proved  the  existence  of 
somewhat  similar  cells  in  the  frog's  sympathetic,  and  S.  Mayer 
has  noticed  spiral  fibres  in  the  sympathetic  cells  of  the  higher 
vertebrata.  .  The  spiral  (if  such  it  be)  and  the  straight  fibre 
around  which  it  is  coiled,  I  have  traced  to  a  polar  plasmic 
agglomeration  in  the  cell  body. 

3.  The  Cells  of  the  Olivary  Nvdeus, — The  cells  included  within 
the  corpus  dentatum  of  the  olivary  nucleus  dififer  in  many  re- 
spects from  either  of  the  preceding.  Their  size,  which  varies 
less  than  that  of  the  other  cells,  is  considerably  smaller  than 
the  average  of  either  of  them.  In  shape  they  are  spher- 
oidal, and  so  far  more  nearly  approach  the  pjrriform  than  the 
multipolar  ganglion.  They  are  usually  unipolar,  and  have  a 
delicate  connecting  stroma  of  fibrillae  between  their  bodies  and 
the  adjacent  synectic  tissue.  I  have  observed  these  cells  to  be 
connected  to  each  other  occasionally  by  short  processes  (fig.  11). 
In  the  figure  depicted  in  the  accompanying  plate  there  are  no 
fewer  than  three  cells  so  united.  This  mode  of  union  is  by  no 
means  common,  although  a  somewhat  similar  arrangement  has 
been  described  by  S.  Mayer  as  occurring  in  the  sympathetic 
system. 


EXPLANATION  OF  PLATE  XX. 

4.  Transverse  section  of  central  canal  and  adjacent  grey  matter  of 
spinal  cord,  from  a  boy  aged  eight,  showing  the  lissure  in  the  posterior 
epithelial  walls  at  a ;  h,  wedge-shaped  prolongation  of  grey  matter 
from  posterior  commissure ;  cc,  epithelial  lining  membrane  of  canaL 

2.  Transverse  section  of  the  medullary  canal  of  a  young  kitten,  a 
few  days  old,  on  a  level  with  lower  edges  of  olivary  bodies.  The 
anterior  (ventral)  aspect  -4,  and  the   two  lateral  borders  c  c  of  the 
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canal  are  lined  with  columnar  epithelium ;  the  posterior  border  P  is 
occluded  only  by  a  wedge  of  grey  synectic  tissue,  ayn, 

3.  Synectic  tissue  nuclei  in  a  line,  showing  the  probable  mode  of 
formation  of  the  white  medullary  fibres.  From  a  longitudinal  section  of 
the  dorsal  cord  of  a  kitten  one  week  old.     Highly  magnified. 

4.  Two  synectic  tissue  corpuscles  from  the  medulla  of  a  man. 

5.  Two  multipolar  ganglion  cells  from  human  medulla,  showing 
their  union  by  a  dichotomous  fibre  at  a. 

6.  Group  of  multipolar  cells  from  hypoglossal  nucleus  near  the 
calamus.     Infant  eighteen  months. 

7.  Group  of  similarly  situated  cells  horn  a  boy,  aged  nine  years. 
(This  patient  died  of  hydrophobia.) 

8.  Giant  cell  with  double  nucleus,  from  the  spinal  cord  of  a  kitten, 
five  days  old.     (Miiller's  fluid  and  picrocarmine  solution.) 

9.  Pyriform  cell  with  a  spiral  (?)  terminal  fibre  surrounding  a  direct 
one  from  the  anterior  comu  at  the  junction  of  the  medulla  with  the 
cord.     Longitudinal  section.    Human  adult 

10.  Pyriform  cell  from  the  vesicular  column  of  Clarke^  in  the  upper 
dorsal  region  of  a  boy,  aged  eight  years  \  /,  nerve  prolongation  with 
transverse  striation  (spiral  fibre  1).     Highly  magnified. 

11.  Three  olivary  cells  in  juxtaposition  with  short  communicating 
fibres.     Human  adult. 
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ON  THE  MEMBRANA  TYMPANL    By  John  M.  Cbombib. 
M.A.,  M.B.,  &c. 

Since  the  appearance  of  Helmholtz's  treatise  on  the  mechanism 
of  the  ossicles  and  membrane,  translated  by  Hinton,  there  seems 
to  have  been  no  important  attempt  at  their  farther  investiga- 
tion. This  can  hardly  be  attributed  to  his  treatise  having 
furnished  a  satisfactory  solution  of  their  mode  of  action.  An 
explanation  of  the  mechanism  of  the  mernbrana  tympani  that 
takes  no  account  of  the  mefnibrana  flacciday  its  upper  portion,  can 
at  best,  even  if  otherwise  correct,  be  but  incomplete  and  defec- 
tive. Helmholtz  asserts  that  the  lower  firm  portion  of  this 
membrane  is  the  only  part  concerned  with  sound  waves, 
and  it  is  perhaps  for  tbis  reason  that  he  gives  it  exclusive 
attention.  But  whether  the  upper  portion  has  any  share  with 
the  lower  in  sound  reception  or  not,  it  certainly  has  a  purpose 
relating  to  sound,  and  an  influence  on  the  function  of  the  lower 
which  renders  its  consideration  indispensable.  Such  bisection, 
indeed,  excludes  one-half  of  the  machinery  of  the  membrane.  In 
other  respects  the  treatise  is  hardly  more  satisfactory,  which  is  to 
be  regretted,  as  it  is  the  most  complete  of  its  kind,  and  many  of  its 
conclusions  have  obtained  a  wide  currency  in  books  of  physi- 
ology as  established  principles  of  unquestionable  truth.  It  seems 
to  have  failed  as  a  whole,  because  an  interpretation  is  sought 
on  the  principles  of  acoustics,  although  Helmholtz  has  succeeded 
in  some  degree  in  their  application,  yet  even  he  felt  how 
diflerent  the  membrana  tympani  is  from  the  tense  membranes 
known  to  acoustics.  "It  differs,"  he  says,  "from  those  mem- 
branes that  have  hitherto  been  investigated  and  employed  in 
acoustics  in  this  respect  that  it  is  curved."  ^  This  simply  means 
that  a  completely  satisfactory  explanation  of  the  mechanism  of 
the  ear  cannot  therefore  be  looked  for,  since  the  membrana  tym- 
pani is  quite  peculiar  in  this  important  particular.  "  Hitherto," 
says  he,  "  the  acoustic  properties  of  such  curved  membranes  have 
not  been  practically  investigated :  perhaps  the  most  that  can  be 
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said  is,  that  I  have  seen  use  made  of  a  curved  piece  of  leather 
as  a  sounding-board  on  an  Arabic  percussion  instrument  which 
was  played  on  in  the  Tunis  caf ^  in  the  last  Exposition  in  Paris."  ^ 
It  is  obvious  that  this  does  not  amount  to  much ;  and,  in  endea- 
vouring to  apply  the  principles  of  a  science  as  yet  so  admittedly 
inapplicable,  it  seems  Helmholtz,  in  spite  of  the  mathematical 
ability  displayed  in  his  work,  has  not  attained  any  very  valuable 
result.    It  is  true  a  number  of  conclusions  have  been  arrived  at, 
but  they  relate  for  the  most  part  rather  to  aural  curiosities  than 
matters  of  broad  and  important  interest.  The  position  of  the  mem- 
brane most  favourable  for  accurate  hearing  is  not  indicated,  but  the 
cause  of  certain  rattling  sounds,  "  such  as  one  hears  in  a  musical 
instrument  when  something  is  loose,  or  in  a  tuning-fork  which 
has  not  been  fastened  quite  firmly  to  a  sounding-board,"  is  re- 
duced to  a  physiological  explanation  of  much  nicety.      The 
adaptation  of  the  membrane  to  tones  of  different  pitch  is  not  once 
alluded  to,  but  there  is  elucidation  "  for  the  peculiar  sensation 
of  buzzing  in  the  ear,  which  is  felt  in  the  combination  tones  of 
two  powerful  soprano  voices  in  a  passage  of  thirds."*  It  is  those 
interpreters — the  acoustic  principles,  not  the  anatomy  of  the  ear — 
that  lead  up  to  these  results ;  but  whether  they  are  correct  or 
not,  one  might  be  permitted  to  question  whether  the  author  is 
not  deceiving  himself,  when,  also  on  acoustic  grounds,  he  declares 
that  in  the  midst  of  other  sounds  he  can  detect  as  a  distinct  sen- 
sation the  rattling  of  the  cogs  of  the  malleo-incudal  articulation, 
"  as  a  rumble  in  separate  shocks."    My  object  in  referring  to 
these  things  is  not  to  disturb  the  belief  of  those  who  have  faith  in 
whatever  authorities  write,  but  to  insist  on  the  important  fact  to 
aurists,  that  they  must  not  look  too  implicitly  to  acoustics — 
at  any  rate,  in  its  present  state — for  a  useful  and  trustworthy 
account  of  what  lies  at  the  foundation  of  otology — ^the  mechan- 
ism of  the  membrana  tympani.     The  organ  can  be  looked  at  and 
examined  in  its  most  delicate  and  minute  points  to  see  what  it  is, 
to  better  purpose  than  to  see  what  it  should  be  on  any  theory  of 
acoustics.    And  such  a  work  as  this  of  Helmholtz's  is  rather  a 
stumbling-block  than  a  guide,  since  it  fosters  the  belief  with  its 
mass  of  mathematical  formulae  that,  in  regard  to  the  investi- 
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gation  of  the  ear>  this  is  the  proper  mode  of  approach.  It  is  not 
to  be  prejudiced  against  matbematics,  here  or  elsewhere,  to  accept 
no  formulae  as  expressions  exact  or  approximate  of  truth,  till  one 
has  convinced  himself  that  the  elements  manipulated  are  the 
genuine  factors  involved  in  the  problem.  How  this  can  possibly 
be  the  case  with  Helmholtz's  elements,  a  review  of  some  of  the 
leading  points  of  his  interpretation  of  Xhe  mechanism  of  the 
membrane  will  show,  and  this  is  entered  on,  not  simply  for  the 
purpose  of  disproving  the  opinions  of  this  particular  treatise,  but 
of  professional  opinion  on  the  subject  genemlly,  of  which  it  is  the 
best  and  most  authoritative  exponent 

It  is  proper  to  state  that  Helmholtz  himself  confesses  to  some 
of  tne  shortcomings  of  his  treatise,  as,  for  example,  that  he  has 
given  no  consideration  to  the  facts  that  the  meridian  arcs  of 
the  membrane  are  connected  t<^ether;  that  the  distances  be- 
tween them  increase  towards  the  attached  edge  of  the  mem- 
brane; that  they  are  bound  together  by  circular  fibres,  and 
cannot  move  without  stretching  them,  &c.,  &a  ^  But  his 
oonclosions  have  nevertheless  been  admitted  into  physiology 
without  any  deductions  on  those  grounds,  or  on  the  more 
important  ground,  of  which  he  takes  no  notice,  of  the  entire 
omission  of  the  function  of  the  memirana  flaccida.  He  under- 
took the  investigation,  he  explains,  chiefly  because  he  could  not 
reconcile  the  idea,  held  by  certain  writers,  of  a  very  yielding 
joint,  supported  almost  entirely  by  a  weak  and  relaxed  cover- 
ing membrane,  such  as  that  of  the  malleo-incudal  articulation, 
serving  as  a  connection  in  the  middle  of  a  firm  lever.  But 
his  own  examination  of  this  articulation,  if  correct,  establishes 
that,  furnished  with  the  cogs  already  referred  to,  it  is  not 
the  relatively  weak  joint  he  took  it  to  be.  Regarding  the 
general  nature  and  action  of  this  membrane,  he  adopts  the 
received  opinions,  so  that,  in  the  main,  he  has  nothing  new  to 
advance.  Thus,  to  begin  with,  he  lays  down  that  the  drum 
is  a  tense  membrane,  and  that,  as  occasion  requires,  it  is  ren- 
dered more  tense  by  being  bodily  drawn  inwards  along  with 
the  whole  manubrium,  through  the  action  of  the  tensor  tympani 
muscle.  It  is  in  endeavouring  to  demonstrate  in  detail  how 
such  movement  is  effected  by  the  various  agents  concerned  that 
^  New  8yd,  Soc^  p.  145. 
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he  puts  forward  his  own  views.  And,  apart  from  the  merit  of 
his  discovery  of  the  interlocking  teeth  of  the  malleus  and  incus, 
about  the  existence  of  which,  I  suppose,  there  is  no  doubt,  they 
are  by  no  means  to  be  preferred  to  those  of  previous  expositors, 
who  are  distinctly  more  clear,  and  far  less  inconsistent.  Thus, 
it  was  held  by  Weber  that  the  malleus  and  incus  form  together 
a  firm  angular  lever,  whose  axis  of  rotation  runs  from  the  point 
of  attachment  of  the  processus  longus  of  the  malleus  to  the  top 
of  the  processus  brevis  of  the  incus.  That,  taking  into  account 
the  outward  inclination  of  the  membrane  in  its  antero-poeterior 
attachment,  gives  an  axis  running  through  the  malleus  and 
incus  in  a  straight  line  between  the  points  indicated,  around 
which  the  entire  apparatus  of  ligaments  and  muscles  naturally 
resolve  themselves  for  the  only  possible  movement  of  the  mal- 
leus, and  with  it  the  membrane.  Weber  did  not  indicate  that 
movement,  as  it  is  impossible  he  should,  looking,  as  he  did, 
only  from  the  tympanic  side  of  the  drum;  but  his  axis  of 
rotation  is  undoubtedly  correct,  as  the  arrangements  above 
alluded  to  prove.  Helmholtz,  on  the  contrary,  adopts  an  axis 
of  rotation  passing  in  a  line  running  between  the  s^insa  tym- 
panici  major  and  minor,  as  he  names  the  two  osseous  projections 
at  the  anterior  and  posterior  comers  of  the  inner  end  of  the 
upper  wall  of  the  meatus.  This  axis  accordingly  passes  partly 
through  the  processus  gracilis,  partly  through  the  membrane, 
and  partly  along  a  ligament  at  an  acute  angle  behind  the 
membrana  In  order  to  reconcile  the  movement  that  would 
result  from  such  an  axis,  with  the  more  obvious  necessities  of 
the  movement  of  the  membrane,  a  number  of  subsidiary  move- 
ments have  to  be  introduced,  which  are  not  in  keeping  with 
the  anatomical  machinery  involved,  and  which  are  so  intricate 
and  ill-defined  as  to  make  an  exact  calculation  of  their  resultant 
impossible.  For  instance,  if  the  malleus  were  strictly  to  revolve 
round  its  axis  band,  thus  defined  as  an  axis  of  rotation,  it  is 
admitted  that  the  umbo  would  not  move  in  a  direction  normal 
to  the  plane  of  insertion  of  the  membrane — for  the  purposes  of 
audition  a  fatal  deviation.  To  correct  this,  two  slight  alterations 
in  its  movement,  through  its  connection  with  the  incus,  are  dis- 
covered for  the  malleus.  "  (First)  As  the  axis  band  of  the 
malleus  is  directed  obliquely  to  the  plane  of  insertion  of  the 
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membrane,  each  inward  movement  of  the  malleus  handle  would 
cause  also  a  backward  movement  of  the  umbo.  But»  at  the  same 
time,  the  malleus  head  would  be  drawn  backwards  by  the  in- 
cus, and  so  the  handle  receive  an  opposing  motion  forwards. 
(Secondly)  As  the  umbo  of  the  membrane  lies  further  from 
its  plane  of  insertion  than  the  axis  of  the  malleus  (excepting 
at  most  its  foremost  end  at  the  spina  tympanici),  each  inward 
motion  of  the  malleus  handle  will  cause  a  small  upward  dis- 
placement of  the  umbo,  ie.,  in  a  direction  towards  the  head  of 
the  malleus.  This  motion,  and  that  which  we  have  just  explained, 
namely,  that  the  malleus,  as  a  whole,  is  drawn  somewhat 
downwards  by  the  incus,  act  in  opposite  directions.  Thus, 
both  deviations  in  the  movements  of  the  umbo  are  compensated, 
and  thus  there  remain  only  the  movements  that  take  place 
perpendicular  to  the  plane  of  insertion  of  the  membrana"^ 
It  would  reqmre  too  much  space  to  enter  on  a  criticism  here 
of  how  the  incus  thus  comes  to  the  rescue  of  the  malleus^ 
with  equivalents  of  force  exactly  equal  and  opposite  in 
direction.  It  is  a  very  recondite,  and  not  very  lucid,  ex- 
position in  the  hands  of  Helmholtz  himself,  based  on  the 
relationship  of  certain  ligaments — but  it  does  not  aim  at  being 
a  quantitative  mechanical  demonstration,  but  only  a  general 
indication  of  the  direction  of  the  forces,  the  exactness  of  the 
quantities  being  taken  for  granted.  A  general  objection  to  it 
arises  from  the  fact  that  the  anatomy  on  which  it  relies  does 
not  coincide  with  that  recognised  by  the  best  authorities.  The 
spina  tympanici  minor  is  not  even  alluded  to  by  Henle.  But, 
even  looked  at  mechanically,  the  theory  is  inconsistent  with 
itself,  since  the  axis  of  rotation  thus  modified  is  really  no  longer 
in  the  line  of  the  spinse  assigned  to  it,  but  approaches,  in  fact,  as 
nearly  as  possible  that  already  mentioned  as  pointed  out  by 
Weber. 

Not  only,  however,  is  the  treatise  retrograde  in  this  very 
important  particular,  but,  by  starting  with  the  accepted  notions 
concerning  the  action  of  the  tensor  tympani,  and  the  condition 
of  the  drum  as  a  permanently  stretched  membrane,  it  is  marred 
by  very  serious  errors. 

What  proof  is  there  that  the  drum  is  maintained  normally  in 
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a  state  of  tension  ?  Let  it  be  remembered  that  tension  in  elastic 
or  inelastic  bodies  implies  the  expenditure  of  force,  and  that 
tension  is  only  maintained  while  force  is  in  action.  If  the 
membrana  tympani  is  permanently  tense,  it  must  be  from  some 
permanently  extending  force.  Helmholtz  says : — "  Its  tension  is 
conditioned  by  the  handle  of  the  malleus,  which  draws  it  in- 
wards, and  which  is  itself  maintained  in  position  by  its  ligamente 
and  by  the  elasticity  of  the  tensor  tympani"  ^  From  this  ac- 
count it  might  appear  that  the  resistance  to  this  active  strain 
of  the  membrane,  its  ligaments  and  muscle  fell  to  be  borne  by 
the  bone  surrounding  the  membrane  and  affording  it  attachment 
If  the  membrane  is  robust,  so  also  is  the  bone,  and  perhaps  such 
a  struggle  might  be  compatible  with  their  mutual  constitution ; 
but  if  so,  it  is  an  unique  instance  in  the  human  body  of  ceaseless 
antagonism  and  consumption  of  energy  in  maintaining  a  simple 
atattis  quo.  There  is  opposition  between  anatomical  elem^its 
elsewhere,  but  without  exception  they  are  allowed  intervals  of 
repose,  and  breathing  time  to  recuperate,  and  their  function  is 
movement,  not  balanced  and  motionless  equilibrium.  Here  we 
have  a  picture  of  uninterrupted  strain,  involving  a  number  of 
most  delicate  agents,  addressed  to  the  maintenance  of  a  simple 
dead  weight.  "Pen  de  moyens,  beaucoup  d'effet" — Nature's 
universal  principle  is  here  beheld  reversed.  But,  according 
to  Helmholtz,  it  is  not  on  the  sulcus  tympanicus  that  the  whole 
pull  of  resistance  falls — there  is  a  perpetual  struggle  in  the 
midst  of  the  membrane  itself,  between  two  of  its  constituent 
sets  of  fibres.  "  Were  the  radial  fibres  of  the  membrane  alone 
in  existence,  and  not  joined  with  transverse  fibres,  they  would 
extend  in  straight  lines  (from  the  malleus  handle  to  the  margin 
of  attachment).  In  fcu^t,  they  do  not  do  this,  but  assume  a 
curved  form,  convex  on  the  side  of  the  meatus,  whence  it  is 
to  be  inferred  that  they  are  drawn  to  each  other  by  the  ring 
fibres,  and  that  these  latter  are  also  put  on  the  stretch.  In 
fact,  in  the  quiescent  membrane  there  is  no  other  force  that  can 
maintain  the  radial  fibres  in  their  curved  form  besides  the  ten- 
sion of  the  ring  fibres."  Quiescent  is  not  a  happy  term  for  a 
membrane  which  is  thus  the  seat  at  all  times  of  internal  con- 
tention, and  the  centre  besides  of  application  of  external  opposing 
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forces — bat,  sit  verm  verba,  it  is  quiescent  comparatively  to  the 
time  when,  according  to  accepted  opinion,  the  tympanic  muscle 
puts  forth  its  further  tensating  energy.  It  must  be  objected, 
however,  to  this  life-long  and  incessant  contest  between  the 
radial  and  circular  fibres,  that  it  implies  the  possession  of  a 
property  by  the  latter  which  they  are  known  to  be  entirely 
destitute  of,  and  which  Professor  Helmholtz  only  presumes  must 
exist,  in  the  face  of  facts,  for  the  purpose  of  this  tension  theory. 
I£  the  two  sets  of  fibres  were  of  the  same  character,  and  a  force 
applied  which  acted  equally  on  both,  such  as  that  assumed  in 
connection  with  the  manubrium,  then  their  distension  would 
simply  be  equal,  and  the  same  relative  distance  between  the 
radial  fibres  would  still  be  maintained.  They  would  inevitably 
extend  in  straight  lines,  and  no  curving  would  take  place.  But, 
if  we  assume  that  the  circular  fibres  are  strongly  elastic,  and 
that  it  is  this  property  that  is  called  into  play  when  they  are 
fitretched,  then  they  will  tend  to  shrink  back  to  their  previous 
dimensions,  approximating  the  radial  fibres,  and  affording,  per- 
haps, the  desired  curvature.  Unfortunately,  the  circular  fibres 
are  possessed  of  no  such  property,  and  Helmholtz  does  not  in 
the  least  dispute  it  as  a  matter  of  fact  Thus,  speaking  of  the 
fibrous  skin  constituted  by  these  two  sets  of  fibres,  and  which 
forms  the  middle  layer  of  the  membrane,  he  says  : — "  The  fibres  of 
this  layer  are  very  firmly  stretched  bands  lying  close  to  one 
another,  and  oppose  a  great  resistance  to  any  extension.  They 
are  distinguished  by  their  great  inelastic  resistance."^  Henle 
says  that,  in  regard  to  this  central  layer,  the  important  point  to 
be  noticed  is  that  its  fibres,  though  in  chemical  character  re- 
sembling ligamentous  tissue,  are  distinguished  from  common 
ligamentous  tissue  in  these  particulars,  that  they  are  neither 
spiral  nor  fibrillated,  and  that  the  interspaces  in  the  web  they 
form  contains  no  elastic  tissue,  while  there  are  present  only 
minute  nuclei,  and  these  very  sparsely  distributed.*  The  force 
of  this  description,  which  accords  with  that  of  the  best  authori- 
ties, IB,  that  the  fibrous  skin  is  wholly  destitute  of  elastic 
properties;  it  is  provided  with  no  special  elastic  tissue,  and 
its  own  fibres  are  perfectly  straight,  without  even  the  slight 
tinge  of  extensibility  that  would  belong  to  them  had  th'ey  been 
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of  the  spiral  or  fibrillar  fomu    The  finishing  stroke  is  given  to 
their  rigidity  by  all  but  the  absence  of  even  rudimentary  nuclei. 
Yet  it  is  this  non-existent  force  which  Helmholtz  evokes  to  hold 
the  radial  fibres  in  their  attitude  of  curvature.    "  There  is  no 
other  force  that  can  maintain  the  radial  fibres  in  their  curved 
form  besides  the  tension  of  the  ring  fibres."^    This  attribute, 
however,  of  the  tympanic  membrane,  is  a  cardinal  one,  and,  if 
the  theory  of  tension  cannot  explain  it  consistently  with  facts 
the  idea  of  a  permanently  stretched  membrane  must  be  aban- 
doned.     It  involves,  besides  the   departure  from  the  great 
precedents  already  alluded  to,  a  contradiction  to  all  experience 
of  similar  structures  elsewhere,  for  no  membrane  known  to  us 
in  the  physical  world  could  endure  perpetual  strain  without 
elongation  or  rupture.    It  is  not  consistent  with  clinical  experi- 
euce,  for  the  membrane,  when  cut  into,  does  not  gape  as  a 
stretched  membrane  would  do,  but  remains  with  the  straight 
cut  edges  in  apposition.     So  says  Helmholtz  himself.     *"  It  is 
to  be  considered  not  as  an  elastic  and  yielding  membrane,  but 
as  an  almost  inextensible  one;  its  very  slight  extensibility  is 
seen  if,  either  in  its  natural  situation  or  when  removed,  it  is 
spread  on  a  glass  plate  and  torn  with  pins."    There  is  nothing 
absolute  in  nature,  but  the  drum  of  the  ear  approaches  as  nearly 
as  possible  to  an  inextensible  membrane  as  anything  could.   Tet 
Helmholtz  admits  that  in  bis  investigation  he  takes  no  account 
of  the  fact  "  that  the  curved  natui^  form  of  the  membrane 
cannot  exist  without  every  force  which  presses  the  malleus 
handle  inwards,  also   stretching   and  expanding  the  circular 
fibres.    On  account  of  the  irregularly  proportioned  form  of 
the  membrane,  no  full  analysis  of  the  mechanical  actions  of 
these  relations  can  be  given.    For  that  purpose  the  tension  and 
the  grade  of  the  elasticity  of  the  circular  fibres  must  first  be 
known."  2    We  have  already  seen  that  there  is  no  such  elas- 
ticity.    Professor  Helmholtz  would  be  able  to  give,  he  says, 
a  mathematical  formula  somewhat  better  corresponding  to  real 
proportions,  if  he  were  permitted  to  imagine,  instead  of  the 
real,  an  ideal  membrane,  and  among  other  variations  required 
is  a  strong  stipulation  in  regard  to  these  same  circular  fibres. 
"  The  radial  fibres  which   should    travei'se  the  meridians  of 
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such  a  sur&ce,  might  be  considered  as  inextensible,  bat  the 
circular  fibres  must  have  a  certain  d^ree  of  elasticity  in  order 
to  remain  stretched."  ^  But  what  really  is  the  use  of  a 
mechanical  analysis,  or  a  mathematical  formula  for  physio- 
logical ends,  that  is  founded  on  an  imaginary  anatomy  at  cross 
purposes  with  real  anatomy.  Kature  has  made  the  circular 
and  radial  fibres  of  this  layer  of  the  membrane  of  identically 
the  same  material,  that  is,  of  the  most  inelastic  substance 
to  be  found  among  tissues,  and  however  elegant  the  formula 
which  takes  for  one  of  its  elements  the  contrary,  it  is  incor- 
rect and  fallacious.  Further,  an  incorrect  physiology  leads  to 
mischievous  modes  of  treatment,  medical  and  surgical,  and  in 
relation  to  the  action  of  the  tensor  tympani  in  further  stretching 
t^iis  hypothetically  stretched  membrane,  there  are  wrong  ideas 
entertained,  which  do  result  in  very  erroneous  treatment  Sur- 
geons, in  these  enterprising  days,  are  not  deterred  by  any 
difficulty  in  planning  operations,  if  they  are  encouraged  by 
any  feasible  probability  of  obtaining  the  result  desired,  and 
aural  surgery  is  not  so  fertile  in  its  openings  for  operations 
that  any  avenue  presenting  one  should  be  neglected.  It  con- 
sequently follows  that  the  tensor  tympani,  situated  though  it 
is  in  the  most  inaccessible  of  regions,  is  nevertheless  assailed 
by  the  irresistible  tenotomist,  who  believes  that  his  patient  is 
suffering  from  over-stretching  of  the  membrane  and  its'  conse- 
quences, owing  to  spasmodic  action  of  its  muscle.  This  physi- 
ology is  of  a  piece  with  that  we  have  been  examining,  and  a 
careful  consideration  of  the  demonstration  given  by  Helmholtz 
on  the  subject,  the  fullest  yet  advanced,  will  show  that  it  breaks 
down  in  the  same  manner,  since  it  has  to  fall  back  on  the  play 
of  imaginary  forces.  In  examining,  therefore,  the  action  of  the 
tensor  tympani,  we  are  pursuing  the  same  subject  from  another 
point  of  view,  in  which  the  tension  theory  will  be  seen  to  be 
even  less  tenable. 

We  must  first  take  account  of  the  numerous  structures  that 
are  said  to  be  put  on  extra  tension  by  the  contraction  of  the 
tympanic  muscle.  "  Primarily  it  draws  the  malleus  handle 
inwards,  and  with  it  the  membrane,  but,  at  the  same  time,  it 
acts  on  tiie  axis-band  of  the  malleus,  which  it  draws  inwards 
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and  stretches.  Thereon  the  head  of  the  malleus  is  moved  away 
from  the  incndo-tympanic  articulation,  and  the  ligaments  of  the 
incus  are  stretched,  as  well  those  towards  the  malleus  as  those 
at  the  point  of  its  short  process,  which  last  is  gained  from  the 
bone."^  In  short,  with  the  single  exception  of  the  ligameutum 
mallei  superius,  not  only  the  membrane  and  all  its  ligaments, 
but  all  those  ligaments  which  fix  the  ossicles  in  their  position, 
are  said  to  be  rendered  tense  by  the  action  of  this  muscle.  Now, 
although  these  structures  are  small  or  minute,  yet,  since  they 
are  all  more  or  less  inextensile,  their  stretching  must  demand  a 
relatively  large  amount  of  force,  since  the  force  necessary  to 
maintain  such  textures  at  the  same  degree  of  tension  does  not 
decrease  equally  to  their  size.  A  muscle  with  a  long  tendon 
does  not  require  much  greater  expenditure  of  energy  to  put  its 
fibres  on  the  stretch  than  a  muscle  with  a  short  tendon.  If 
such  fibres  were  highly  elastic  it  would  be  different.  We  must 
not,  therefore,  be  misled  by  the  smallness  of  the  parts  concerned, 
since  it  is  the  degree  of  tension  to  whicli  they  are  put  that  will 
mainly  determine  the  amount  of  power  necessary.  Helmholtz^ 
says : — *'  This  ligament — the  axis-band  of  the  malleus — is  always 
somewhat  tense,  even  if  the  tendon  of  the  tensor  tympani  is 
severed ;  but  so  long  as  this  muscle  exerts  its  strain  transversely 
upon  the  axis-band,  the  tension  of  the  latter  is  kept  at  a  high 
point"  What  is  true  of  the  axis-band  must  be  true  of  the 
membrane  and  other  ligaments  involved,  true,  that  is  to  say,  on 
the  score  of  argument.  Now,  in  order  to  qualify  the  tensor 
tympani  for  the  exercise  of  an  equivalently  high  strain,  Helm- 
holtz  supplements  its  power  fictitiously  in  two  ways — first,  by 
over-estimating  its  mechanical  strength;  and,  secondly,  by 
attaching  a  significance  to  its  mode  of  action  inconsistent  with 
mechanical  principles. 

As  regards  the  muscle  itself,  a  more  inadequate  instrument, 
looked  at  anatomically,  for  such  high  pressure  work  could 
hardly  be  conceived.  It  is,  as  we  know,  about  half  an  inch  in 
length,  and  hardly  a  millimeter  in  section,  consisting  of  fibres  that 
run  parallel  to  each  other,  and  that  end  in  a  round  and  very 
slender  tendon.  Such  a  muscle,  if  placed  in  the  most  favourable 
circumstances,  would  seem  a  very  pigmy  in  view  of  the  gigantic 
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daty  imposed  on  it ;  but  when  we  consider,  at  the  same  time, 
that  it  is  encased  as  in  a  sheath  by  the  incompressible  walls  of  a 
bony  canal,  and  that  its  tendon  acts  on  the  malleus  at  a  right 
angle  to  the  muscular  fibres,  what  are  we  to  think  ?  The  first 
circumstance  forbids  all  but  the  feeblest  contraction,  since  it 
admits  of  only  the  least  possible  shortening  of  the  fibres,  or 
swelling  up  of  the  muscle ;  and  the  next  circumstance  reduces 
the  effective  force  of  even  this  attenuated  energy  by  placing  its 
operation  at  a  mechanical  disadvantage.  Helmholtz  omits  all 
mention  of  these  circumstances,  but  dwells  on  the  occult  pro- 
perties of  the  muscle  instead.  "  Since  the  tensor  tympani  is,  on 
account  of  its  feathered  structure,  equivalent  mechanically  to  a 
muscle  of  much  greater  section  and  less  length  of  fibre,  we  must 
regard  its  elastic  strain,  even  without  any  active  contraction,  as  a 
considerable  force."^  I  cannot  find  the  tensor  described  elsewhere 
by  independent  observers  as  a  feathered  muscle.  Professor  Henle, 
the  most  minute  and  exact  of  anatomists,  in  his  description 
saya: — "It  passes  over  the  septum  tubaB  into  the  tensoris 
tympani  canal,  which  it  traverses  from  one  end  to  the  other  in 
bundles  of  fibres,  that  proceed  parallel  to  the  axis  of  the  canal."' 
In  Quain's  Aruitomyit  is  described  as  consisting  of  a  long,  tapering, 
fleshy  part,  and  a  slender  tendon.  Here,  then,  at  least,  is  a 
hypothetical  attribute ;  but  be  the  efifect  of  that  as  it  may,  how 
is  it  possible  to  reckon  the  elastic  strain  of  such  a  muscle, 
apart  from  all  contraction,  as  a  considerable  force?  The 
elastic  strain  of  the  gluteus  maximus  may  be  somewhat,  but 
only  the  merest  fraction,  of  the  full  force  of  the  muscle  in 
active  contraction,  but  the  elastic  strain  of  the  tensor  tym- 
pani must  be,  even  on  the  same  scale,  as  near  as  possible  to 
a  cipher.  We  are  to  judge  of  the  potency  of  a  muscle  by  its 
tendon,  which  will  always  be  made  stronger  than  the  greatest 
muscular  strain  exercised  through  the  muscle.  Nature  will  not 
employ  a  rope  unequal  to  the  power  applied  behind  it,  but 
will  certainly  have  it  too  strong  rather  than  too  weak.  The 
tendon  of  the  tensor  tympani  is  a  mere  thread,  and  in  its 
rounded  shape  and  application  to  a  single  point,  answers  to  the 
character  of  a  muscle  intended  to  act  on  a  minute  joint  of  easy 
flexibility,  rather  than  a  stretcher  of  such  tense  ligaments  and 
^  Ibid.^  p.  122.  *  AfuUomie  des  Menachen,  Band  ii.  S.  747. 
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membranes.  Indeed,  one  must  shlit  their  eyes  to  the  plain  and 
simple  facts  of  its  anatomy  and  relationship,  and  get  very  much 
possessed  in  favour  of  secret  and  unsearchable  properties  to 
connect  this  tiny  tendon  with  extensive  effects  on  all  the 
inextensile  tissues  surrounding  it.  *'  In  reference  to  this,"  says 
Helmholtz,  "  the  construction  of  the  ear  is  very  remarkable.  By 
the  traction  of  this  one  elastic  mass  of  fibres  (the  tensor  tympani), 
whose  tension,  besides,  is  variable,  and  can  be  adapted  to  the 
requirements  of  the  case,  in  addition  to  its  effect  on  the 
membrane  and  its  ligaments,  all  the  inelastic  ligaments  of  the 
ossicles  can  simultaneously  be  placed  in  active  tension."^ 

I  think  it  is  plain  that  Helmholtz,  in  overlooking  the  size  and 
situation  of  the  tensor  tympani,  and  the  mechanical  disadvantage 
of  its  exertion  on  the  malleus,  and  in  seeking  for  attributes  of 
force  in  undemonstrated  structure  and  inconceivable  elastic 
strain,  summons  up  a  force  which  does  not  exist. 

It  is  obvious  that  if  the  membrana  tympani,  as  an  inextensile 
structure,  is  already  in  a  state  of  considerable  tension,  a  new 
force  that  shall  raise  it  to  a  higher  degree  must  not  only  balance 
the  original  tension,  but  exceed  it  by  the  amount  of  the  tension 
to  be  superadded.  Accordingly,  the  traction  of  the  tensor 
tympani  on  the  membrane  cannot  effect  any  change  on  its 
tension  until  it  passes  the  point  where  it  balances  that  tension. 
In  all  degrees  below  that  it  can  only  produce  pressure  on  the 
spot  where  it  is  applied.  Helmholtz's  mode  of  mechanical  action, 
as  set  forth  in  the  action  of  the  tensor,  is  the  reverse  of  this.' 
Not  only  may  a  slight  traction  on  a  tense  membrane  slightly 
increase  its  tension,  but,  positively,  a  slight  traction  on  such  a 
membrane  may  very  considerably  increase  its  tension,  if,  that  is 
to  say,  the  traction  is  applied  transversely.  His  words  are  : — 
"  A  very  moderate  tension  of  the  tendon  gives  a  very  tense  poise 
to  the  malleus.  We  must  here  consider  that  a  slight  tension 
which  is  exerted  transversely  upon  a  tense  inextensible  band  is 
able  to  increase  the  tension  of  that  band  very  considerably." 
This  is  erroneous.  There  is  no  charm  in  transverse  application 
whereby  a  small  force  may  become  a  large,  nor  whereby  a 
force  can  add  one  tittle  to  its  effect  in  this  kind  of  tension 
production.      It  is  only  when  the  space  through  which  the 

1  Ibid,,  p.  180.  »  Jbid.,  p.  122. 
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power  acts  is  proportionately  increased  that  an  enhanced 
action  from  transverse  application  comes  into  play,  that  is  to 
say,  the  power  mnltiplied  into  the  space  gives  the  effective  force. 
As  the  space  is  increased  the  power  may  be  proportionately 
diminished — the  effective  force  remaining  the  same;  bnt  this 
condition  is  entirely  excluded  in  the  above  case,  because  the 
space  through  which  the  tensor  moves  its  tendon  is  infinitesimal 

Unless,  however,  the  tensor  were  endowed  with  some  such 
latent  energies  as  above  referred  to,  and  liberated  from  the  stem 
exigencies  of  mechanical  law,  it  could  never  operate  within  its 
bone-bound  walls,  and  with  its  angularly  directed  tendon,  with 
sufficient  force  to  augment  the  tension  of  the  membrane  and  its 
appendages.  But  such  additional  might,  even  if  wrought  by 
magic,  would  not  suffice  by  itself.  Something  more  is  required 
for  the  proper  tensation  of  the  membrane  than  the  action  of  the 
tensor  muscle.  Every  increment  of  its  power  must  be  accom- 
panied by  an  equivalent  increment  of  the  elasticity  of  the 
circular  fibres,  otherwise  the  membrane  on  being  drawn  inwards 
would  lose  its  relative  curvature.  Again,  then,  must  we  draw 
pari  passu  with  the  fictitious  development  of  the  tensor's  action 
on  another  fiction,  the  elasticity  of  the  ring  fibres. 

The  tension  theory,  indeed,  is  inconsistent  with  itself  on  every 
hand.  How  is  it  possible,  if  the  membrane  is  to  be  regarded  as 
an  inextensible  one,  and  already  on  the  stretch,  that  it  should 
move  inwards  when  the  tensor  acts  on  the  malleus  ?  An  inex- 
tensible membrane  or  band  is  not  on  the  stretch  if  it  is  capable 
of  further  movement.  Either,  therefore,  it  is  not  already  on  the 
stretch  normally,  or,  if  on  the  stretch,  then  this  inward  move- 
ment is  an  impossibility.  Anatomists  have  always  had  the 
greatest  difficulty  in  reconciling  any  inward  movement  of  the 
membrane  with  the  preservation  of  their  proper  relation  by  the 
ossicles  of  the  tympanum.  There  is  a  distance  of  only  from  two 
to  three  mm.  between  the  umbo  in  the  lateral  wall  and  the  pro* 
montorium  in  the  median  wall  of  the  tympanum,  consequently 
the  approximation  of  even  one  millimeter  would  bring  the  lower 
end  of  the  manubrium  in  contact  with  the  crura  of  the  stapes, 
which  project  a  millimeter  and  a  half  horizontally  outwards  from 
the  median  wall  Again,  in  proportion  to  the  inward  movement 
of  the  membrane  would  the  ossicula  be  forced  inwards,  and  the 
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base  of  the  stapes  driven  into  the  vestibule  through  the  foramen 
ovale.  It  is  manifest,  however,  from  the  form  of  the  articular 
surfaces  of  the  ossicles,  and  from  their  closeness  together,  as  well 
as  from  the  fact  that  they  are  tied  up  tightly  to  the  waUs  of  the 
cavity,  that,  if  any,  only  the  least  possible  inward  movement  is 
possible.  Indeed,  all  the  supremely  delicate  arrangements  of 
the  tympanum,  down  to  such  microscopic  minutiae  as  the  inter- 
locking teeth  discovered  by  Helmholtz,  point  to  special  provision 
against  all  but  the  merest  vestige  of  movement  inwards. 

What  would  such  movement  accomplish  ?  It  cannot  be 
associated  in  the  least  appreciable  manner  with  any  distinct 
function  of  the  tympanic  membrane,  or  with  any  purpose  of 
audition.  Indeed,  the  tightening  and  traction  inwards  of  the 
membrana  tympani  by  the  so-called  tensor  muscle  is  a  fiction 
without  any  assignable  significance  in  physiology,  while  it  is 
discountenanced  by  the  facts  of  anatomy  and  the  principles  of 
mechanics. 

Dicember  1882. 
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AN  ACCOUNT  OF  AN  OBTURATOR  HERNLA     By  W.  S. 
Richmond,  iit  Bartholomew's  Hospital. 

In  the  dissection  of  a  female  subject,  a  hernia  was  discovered  passing 
through  the  canal  for  the  obturator  vessels  and  nerve  in  the  obturatoi 
foramen  on  the  right  side.  Although  no  constriction  of  the  bowel  had 
occurred,  yet  a  portion  of  intestine  had  passed  through  this  canal  to 
the  extent  of  an  inch  and  a  half,  pushing  before  it  two  layers  of  peri- 
toneum. After  the  removal  of  the  intestine  the  parietal  layer  still 
remained  in  sltUy  forming  a  cul-de-sac  large  enough  to  admit  the  finger. 
In  passing  through  the  foramen  it  was  contained  in  the  oblique  canal, 
formed  by  the  horizontal  ramus  of  the  pubes  above,  and  the  arched 
border  of  the  obturator  fascia  below,  together  with  the  vessels  and 
nerve.  Outside  the  pelvis,  in  its  short  extent,  it  followed  the  anterior 
division  of  the  obturator  nerve,  having  the  pectineus  and  adductor 
longus  in  front,  and  the  adductor  brevis  behind. 

The  distribution  of  the  arteries  was  abnormal  The  place  of  the 
obturator  artery  was  supplied  by  a  branch  from  the  femoral,  which  was 
given  off  just  below  Poupart's  ligament  It  proceeded  backwards  over 
the  horizontal  ramus  of  the  pubes,  beneath  the  external  iliac  vein, 
curving  downwards  to  pass  through  the  canal  above,  and  externally  to 
the  hernial  sac.  This  differs  from  the  usual  course  of  the  obturator 
artery  when  given  off  from  the  external  iliac  It  is  generally  found 
to  proceed  over  the  vein,  not,  as  in  this  case,  beneath  it  This  artery 
also  gave  off  a  pubic  branch,  which  anastomosed  with  the  deep  epigas- 
tric. An  artery,  corresponding  to  the  normal  obturator,  was  given  off 
from  the  anterior  trunk  of  the  internal  iliac,  and  proceeded  forwards 
in  the  broad  ligament  and  along  the  brim  of  the  pelvis,  where  it  ter- 
minated by  anastomosing  with  a  few  of&ets  from  the  artery  previously 
described.  Hernia  occurred  on  both  sides,  but  that  on  the  left  was 
insignificant  An  incomplete  inguinal  hernia  had  occurred  on  the  left 
side,  but  was  arrested  probably  on  account  of  the  extreme  constriction 
of  the  external  abdominal  ring. 

It  need  scarcely  be  remarked  that  hernise  through  the  obturator 
foramen  are  exceedingly  rara 
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FIBROUS  BODY  ATTACHED  TO  THE  HYDATID  OF  MOR- 
GAGNI.     By  W.  S.  Richmond,  8L  Bartholomev^s  Hospital, 

Adherent  to  the  hydatid  of  Morgagni  of  either  testis  is  a  smaU  fibrous 
nodule  attached  to  its  middle  and  under  surface;  it  is  white  and 
glistening,  hard  to  the  touch,  and  firmly  fixed.  Some  of  its  fibres  can 
be  traced  to  the  root  of  the  corpus  Morgagni,  and  this  seems  to  sug- 
gest that  it  is  the  remains  of  some  fcetal  structure.  Is  it,  then,  the 
remains  of  another  portion  of  Miiller's  duct  ?  I  think  not ;  for  if  it 
were  so,  it  would  not  be  attached,  as  it  is,  to  the  hydatid  of  Morgagni, 
which  is  itself  a  remains  of  Miiller's  duct.  It  would  form  another 
separate  hydatid,  having  a  distinct  attachment  These  separate  hyda- 
tids have  been  noticed  by  Dr.  Banks.  In  his  essay  "  On  the  WolflBan 
Bodies "  he  says :  "  I  have  seen  two  or  three  hydatids  running  from 
Morgagni*s  one,  which  I  do  not  doubt  were  the  remains  of  the  duct " 
(Miiller's) ;  but  these  were  "  running  in  a  line  from  Morgagni  a  one^* 
as  one  would  naturally  supposa  If  the  duct  became  obliterated 
at  places,  each  part  thus  separated  would  have  no  connection  with 
another  part,  and  must  have  therefore  a  distinct  attachment^  unless  it 
entirely  disappears.  This  body,  then,  can  hardly  be  regarded  as 
another  remains  of  the  Miillerian  duct ;  but  may  it  not  be  the  remains 
of  a  portion  of  the  Wolffian  body — that  portion  which  generally  dis- 
appears without  undergoing  any  differentiatioii,  viz.,  that  part  which 
lies  between  Miiller's  duct  and  the  upper  body  of  the  testis  1  For  if 
this  portion  is  to  remain  at  all,  its  remains  must  be  attached  either  to 
the  hydatid  above  or  to  the  testicle  below.  In  this  instance  it  is 
attached  to  both.  I  think,  therefore,  that  this  nodule  is  the  remains 
of  a  portion  of  the  Wolffian  body. 
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